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FOREWORD
This report documents significant modifications to
CONFAC I andCONFAC II, which are digital computer
programs used to determine geometric configuration
and form factors. These factors are essential to
thermal and luminous radiant interchange analyses.
This effort, sponsored by the NASA Houston Manned
Spacecraft Center under Contract NAS9-4133, was
directed by R. Brown and R. Durkee of the Thermal
Systems Branch and represents the completion of the
second stage in the development of a general form
factor computer program.
The original Air Force documentation of CONFAC I
and CONFAC II has been revised accordingly; this
report is issued in two volumes, identified as SID 65-
1043-1 and SID 65-1043-2.
- iii -
SID 65,1043-2
• NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
ACCESSION NUMBER
09755-65
TECHNICAL REPORT INDEX/ABSTRACT
IDOCUMENT SECURITY CLASSIFICATION
I UNCLASSIFIED I
TITLE OF DOCUMENT
A GENERAL COMPUTER PROGRAM FOR THE
DETERMINATION OF RADIANT-INTERCHANGE
CONFIGURATION AND FORM FACTORS--CONFAC II
AUTHOR(S)
K.A. TOUPS
LIBRARY USE ONLY
CODE ORIGINATING AGENCY AND OTHER SOURCES DOCUMENT NUMBER
NAA-S&ID SID 65-1043-Z
PUBLICATION DATE ICONTRACT NUMBER
OCTOBER 1965 I NAS9-4133
DESCRIPTIVE TERMS
THERMAL ANALYSIS, RADIATION,
CONFAC II
CONFIGU RA TION, FORM FACTORS,
ABSTRACT _f t'_1_1-- _L{_I 1 I /
A simple numerical method is derived for the determination of the
geometric radiant-interchange factors used in radiant heat transfer and illumi-
nation. A FORTRAN IV digital computer program utilizing this method is
developed which provides a rapid and accurate means of computation of con-
figuration and form factors. The source of flux may be any general plane
polygon, and the receiver may be any general plane or nonplanar polygon, the
surface of an arbitrary polyhedron, or an arbitrary combination of such
surfaces.
It is therefore possible to accurately determine configuration and form
factors from a plane surface to another surface occluded by complex inter-
vening surfaces. Form factors are computed rapidly--averaging less than two
seconds on the IBM 7094 for simple, unobstructed plane surfaces, and less
than 30 seconds for simple polyhedra. Also, means are provided to internally
generate a variety of regular polygons or polyhedra and to transform surface
spatial coordinates for convenience of data entry and/or motion simulation.
Simplicity of data entry, flexibility of application, and economy of operationari
principal features of this program. Sample problems illustrating these
important aspects are provided. A_
FORM 131--V REV 11-64
PUBLICATIONS USE ONLY
- iiia-
NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
PREFACE
The FORTRAN IV Computer Program described herein is a modified
version of the first CONFAC II program developed in house by North
American Aviation, Inc. (Reference 6). CO NFAC II evolved from CONFAC I,
the original configuration factor program. Because of the increased scope
of application, CONFAC II has less computer memory storage available for
surface data than CONFAC I. CONFAC I has been actively retained for this
reason and must be used when a large number of simple surfaces (see
Volume 1 for limitations and restrictions) are to be entered together. The
original CONFAC I program has been modified so that no differences appear
in data entry from CONFAC II, except that it will accept only simple plane
(class 1) or nonplane (class 2) surfaces, and transformation data (class 9).
The range of data handled by CONFAC II has not been changed from the
original version. The data classifications remain as follows:
Class 1: plane polygon (silhouette developed directly from input
surface coordinate data)
Class 2: nonplane polygon (silhouette developed directly from input
surface coordinate data)
Class 3: internally generated polygon (silhouette developed directly
from internally generated data)
Class 4: plane polygon (silhouette internally computed from input
coordinate and connections data)
Class 5: nonplane surface or solid (silhouette internally computed
from input coordinate and connections data}
Class 6: internally generated polygon or solid (silhouette internally
computed from internally generated coordinate and
connections data)
Class 7: sphere (closed-form factor solution)
- V -
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Class 8: multisurface (silhouette developed from input or internal
coordinate and connections data of a group of surfaces taken
together}
Class 9: transformation data.
CONFAC II MODIFICATIONS
The modifications to CONFAC II are as follows:
ii The program source language has been converted from IBM
FORTRAN IIto FORTRAN IV. Where feasible and desirable, the
powerful logical operations of FORTRAN IV have been utilized.
Those arithmetic operations in subroutine Silfac that are vital to
silhouette computation have been converted to double precision.
This change has generally improved silhouette computation, but
has not completely eliminated arithmetic imprecision, especially
in the case of nearly parallel vectors. More powerful logic must
be developed to eliminate difficulty in such cases.
. The necessary changes have been made to completely remove the
restrictions formerly imposed on data entry of "multisurface"
class 8 data. The format for a class 8 surface entry has been
altered to allow a primary transformation of each surface entered,
if desired. Also, any data from class 1 through 6 may now be
included in the class 8 entry. Furthermore, a primary transforma-
tion of the multisurface may be specified in the factor request.
Moreover, it is no longer necessary that surface 1 be in the xy plane
of the coordinate system; if it is not, the program will perform the
necessary auxiliary transformation to ensure that it is carried out
prior to factor computation.
1 Modifications to the silhouette generator have been made which
substantially accelerate silhouette computation when a large
number of silhouettes along a mapping line are computed.
. An automatic factor request generator has been incorporated which
generates a combinational sequence of factor requests between all
the surfaces entered in data. The pseudo-request "GROUPRUN"
is specified instead of surface data on a single card, thus eliminat-
ing the large amount of data entry previously required in such
cases.
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SID 65-1043-2
NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
.
.
When a plane polygon is created by the internal surface generator,
the specifications can now be used to control the direction of the
orientation vector. A primary transformation is no longer required
to direct the vector toward the -z axis.
Modifications in data entry have been incorporated to permit com-
pression of numerical data by use of FORTRAN IV NAMELIST and
to allow printout of card images prior to processing to facilitate
rapid scanning for errors or data modifications.
Because of conversion to FORTRAN IV, usable computer memory
has diminished considerably, requiring use of the OVERLAY
feature of FORTRAN IV. Modifications to data dimensioning and
restrictions are discussed in Section III of this report.
- vii -
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NOMENCLATURE
A
e
c
f
h, k, 1
i,j,k
0
R
S
X, Y, Z or
X, y, Z
@
T[
Subscripts
A, B,C
s
AA
Area
Exchange coefficient
Configuration factor (italicized)
Form factor (italicized)
Translation components
Unit vectors along the X-, Y-, Z-axis, respectively
Center of unit sphere, origin of coordinate system
Radius of sphere
Distance between two areas
Spatial coordinates of a point relative to X, Y, Z axis
Direction angles of a line relative to X, Y, Z axis
r e spe ctively
Angle between Z axis and vector normal to plane
Angle between two vectors
Numerical constant = 3. 14159 +
Solid angle
Points on an area
Sector
Finite incremental area
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dA Differential area
dA-A From a differential area to an area
i, 2, Areas 1,2,
12 Area 1 to area 2
c Elliptical
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INTRODUCTION
The geometric form factor, fl2, is defined as the fraction of radiant
energy emanating from finite surface A 1 and intercepted by another surface
A 2 •
Flux received by finite surface A 2
fl2 = Flux enaitted by finite surface A l (1)
The geometric configuration factor, c12, is defined in a similar manner,
except that the emitting surface is infinitesimal (sometimes designated as the
plane point configuration factor),
Cl 2 = Flux received by finite surface A2 (2)
Flux emitted by infinitesimal surface dA 1
The subscripts denote the direction of flow of net flux; c12 and f12 pertain
respectively to the configuration and form factor from surface A 1 to surface
A2. It is assumed that each surface is isothermal and radiates diffusely,
i.e. , follows Lambert's cosine distribution law.
The "closed-form" determination of the configuration or form factor by
classical integration techniques is impossible or impractical in most situa-
tions. Experimental techniques and devices have been reported in the litera-
ture {Reference I), and probably the most useful is Pleijel's globoscope
(Reference 4). Experimental techniques produce only the configuration factor,
however. Nonetheless, they are useful for many applications where only one
or a few configuration factors are required and nominal accuracy is sufficient.
However, if a large number of form factors are required in a short
period of time, experimental techniques are not practical. This report pre-
sents a numerical method and a computer program which permits rapid and
accurate computation of configuration and form factors between plane sur-
faces, and plane or solid surfaces. The source {surface l) may be any
general plane polygon; the receiver (surface 2) may be any arbitrarily oriented
general plane or nonplanar polygon, the surface of an arbitrary solid, or an
arbitrary combination of planes, nonplanes, or solids. Form factors (which
nominally are derived from 625 configuration factors) are computed rapidly,
averaging less than 2 seconds by IBM 7094 time for simple plane surfaces,
- 1 -
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and less than 30 seconds from simple plane surfaces to simple solids. Table
1 compares solutions obtained by CONFAC II to those given in Reference i.
Table i.
P-l,
P-Z,
**P-6,
**P- 8,
A-l,
A-2,
Comparison of Configuration and Form Factors Computed
by CONFAC II to Those Given in Reference 1
Configuration
X=I, Y=I
X= 0. I, Y = 0. i
X=l, Y=4
X= 0.1, Y = 0.4
X= i, Y =co*
X= 0. I, Y =co*
_) = 30 °, L = O,
30 °, L = 1,
0 = 30 °, L = O,
O = 30 °, L = 4,
0 120 o, L=O,
O = 120 °, L = 1,
0 = 120 °, L= O,
0 = 120 °, L= 4,
E=I, D= 1
E=I, D=2
E= i, D=co
E=2, D= 1
E=2, D=co
D=4, L=2
D=2, L=4
N=I
N=I
N=4
N=4
N=I
N=I
N=4
N=4
X= i, Y= 1
X= 0. i, Y = 0. I
X-l, Y=4
X= 0. i, Y = 0.4
X= i, Y=co*
X = 0. i, Y= co*
Reference 1
0.13853
0.00314
0.17525
0.01147
0.17678
0.02488
0.4665
0.1759
0.4665
0.0964
0.125
0.0236
0.125
0.0077
0.276
0.438
0.500
0.724
0.800
0.08074
0.24774
O. 19982
0.00316
0. 34596
0.01207
0. 41421
0. 04988
0.6202+
0.3961+
0.0870+
0.0433+
24 x 24 Grid
Computer (Trapezodial Rule)
60 x 60 Grid
0.138532
0.003141
0.175270
0.011471
0.176777
0.024876
0.466506
0.175923
0.466506
0.096447
0.125000
0.023554
0.125000
0.007683
0.275
0.436
0.498
0.722
0.799
0.08055
0.2472
0. 19972
0. 00316
0. 34559
0.01207
0. 40549
0. 04884
= 30 °, L= i, N= 1
O = 30°, L = 4, N = 4
120 °, L i, N = 1
= 120', L = 4, N = 4
0.61769
0.39431
0.08665
0.04272
0.138532
0.003141
0.175270
0.011471
0.176777
0.024876
0.466506
0.175923
0.466506
0.096447
0.125000
0.023554
0.125000
0.007683
0. 19981
0.00316
0. 34590
0.01207
0.41075
0. 04946
0.61878
0.39450
0.08662
0.04235
• 108 was assumed to approximate cofor computer run
• ":-'32-sided regular polygon used to simulate circular cross-section
+These values were obtained by numerical integration across surface AI,
according to Reference 1
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SECTION I. ANALYTICAL PROCEDURES
CONFIGURATION AND FORM FACTOR
The general equation that must be solved in the determination of the
radiant-interchange form factor is (see Figure 1)
_ 1 //A //A c°s 81 c°s 82 dAzdAlflZ A1 1 2 TrS2
(i)
The following part of the integrand is the factor from the elemental surface
dA 1 to the total surface A 2, referred to as the configuration factor or plane
point factor, c12:
/ cos O 1 cos O 2
c12 = A2 TrS2 dA z (Z)
Therefore,
ffA c12 dAl (3)f12 =_I 1
A very simple geometric interpretationof Equation 2 is given by Nusselt.
The principal value of the Nusselt concept is that the computational procedure
is simplified and made more accurate by the fact that no mathematical or
numerical integration is required to compute the configuration factor. How-
ever, the Nusselt method yields only the configuration factor from the
elemental area dA1; one must still integrate all such factors over surface A 1
to yield the form factor f12 as given in Equation 3.
The Nusselt concept utilizes a hemisphere of radius R constructed over
the incremental plane area dA1, as shown in Figure 1. Every point defining
the boundary of surface A 2 is projected radially to the hemisphere surface
and then vertically downward to the plane of dA 1, the equatorial plane of the
hemisphere. The locus of all points thus projected encloses an area, A"2,
on the hemisphere base. This area A"2, divided by the area of the base, is
the configuration factor from dA 1 to A 2.
- % _
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Figure 1. Nusselt Geometrical Relationships
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The validity of this conclusion can be demonstrated as follows. Note
that the elemental area dA 2 is described in surface A 2 by the elemental solid
angle d_ol, or
cos 02 dA 2
= (4)
d_l S 2
Similarly, on the sphere having radius R,
dA_
d_01 - R 2
(5)
Because dA_ is the projection of dA 2 on the hemisphere base,
I!
, dA2
dA 2 -
cos 0 1
(6)
Inserting Equation 6 in Equation 5,
dA_
d_ 1 =
R2cos
0 1
The right side of Equation 4 appears explicitly in Equation 1 and, because
Equation 7 is identical to Equation 4, Equation 2 becomes
0,
Cl2 =ffA2 w \R2cos 01/ TrR 2 _IR2
(7)
For a sphere of unit radius (unit sphere),
A_
c12 =
(8)
which completes the proof of Nusselt's method. By inserting Equation 8 in
Equation 3, the original equation becomes greatly simplified; only one area
integration is now required.
ffA A_1 _ dA- Tr 1
12 A1 1
(9)
-5 -
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The computer program described herein solves Equation 9 numerically
by successive algebraic evaluation of A_. at preselected points on surface A 1,
with subsequent numerical integration to yield f12' or
It should be emphasized that area A_ is, in fact, formed by the doubly
projected silhouette of surface A 2 as it appears from dA 1.
The element dA 1 is assumed to be oriented in the xy plane and at the
origin of the coordinate system of surface A 2. The area A_ can be found
from the line integral where Yl = F(Xl) is the locus of the boundary of A_,
1
A_ :-2-fC (xl dyl -Yl dXl) (11)
Let z = F(x,y) be the locus of the silhouette of A 2, and S the distance from
dA 1 to the point (x, y, z) on the silhouette of A Z.
S = v/ x 2 + y2 + z 2
From similar triangles,
x, ,=-- dx 1 = --dx + x dX I S S
y ,=-- dy = -- dy + y dYl S' I S
Inserting in Equation I1
A2,, =-_I fc XdYs 2-ydx (12)
Equation 12 can be transposed to finite difference form by replacing the
differentials with increments for numerical evaluation. Because of the prob-
lems of increment size control, it appears desirable to solve Equation 12 for
a finite line segment in space and to allow the analyst to control accuracy of
configuration factor computation by suitable selection of line segments
describing surface 2. If the surface is actually a polygon or polyhedra, the
(7 -
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simulation is perfect; if the surface boundary is curved, like a disk,
example, the validity of the result is a function of the number of line
segments used.
for
However, a much simpler and more easily understood geometric deri-
vation, using the unit sphere, yields the result in superior computational
form. Referring to Figure 2, note that the radial projection of line segment
AB on the hemisphere surface forms the circular arc A'B'. Projection of
A'B' to the base plane produces the elliptical arc A"B", forming the elliptical
section A"OB" with the origin.
If all line segments describing surface 2 are similarly projected, the
area Ai will be formed bya closed series of elliptical arcs. Surface A 2
does not have to be a plane. Actually, the area A 2 results from the geometry
of a silhouette; any surface or object projecting an identical silhouette in the
same spatial position on the hemisphere surface will produce the same area
1!
A 2 and the same point factor.
II
Inspection reveals that the magnitude of area A 2 can be determined by
computing the area of each elliptical sector, properly signed, followed by an
algebraic summation.
In Figure Z, the area of elliptical sector A c is the projected area of
circular sector A s . If the angle between the plane of the circular sector
A'OB' and the xy plane is y, then
A E
COS _ =--
A s
(13)
The area A s is computed from the usual polar equation, with e in radians,
I
A s = _- R28
For the unit radius sphere,
0
A s -
2
Substituting Equation 14 in Equation 13, and solving for Ac,
8
Ac = T cos y
(14)
(15)
-7-
SID 65-1043-2
NORTH AMERICAN AVIATION, INC. SPACE and INFOFtMATION SYSTEMS DIVISION
,For a polygon of N sides the net area is found by algebraic summation of
all computed A c.
A 2 = _-- e n cos Yn
1
(16)
Substituting in Equation 8, we have
1
c12 =
N
I
n=1
8 n cos Yn (17)
A general analytical derivation of this equation is given in Reference 3,
and is reported to have been originally developed by Omoto in 1924.
The absolute value notation will be explained later. The use of vector
algebra greatly facilitates the computation of @ and cos y. Taking, for
example, directed line segments of OA and OB, the vector dot product is
OA'OB = XAX B + YAYB + ZAZB (18)
The cross product OA x OB in determinant form is
OA x OB =
i j k
XA YA ZA
XB YB ZB
which, upon expansion, becomes the normal vector _N,
V N = OA x OB = (YAZB - ZAYB)i + (XBZ A - ZBXA) j + (zAy B - XBYA)k (19)
where i, j, and k are mutually orthogonal unit base vectors directed along
the principal axes.
V N is equal in magnitude to twice the area of the triangle AOB and
is oriented normal to the plane of AOB so that the three vectors form a right-
handed system. The magnitude is computed by the Pythagorean theorem,
I ] )2 )2 2_N =_ (YAZB - ZAYB + (XBZA - XAZB + (xAY B - xBY A) (20)
-8 -
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The angle @ may be evaluated from either the dot or the cross product by use
of inverse functions, specifically
0 " COS I-i-
-1 OA OB
O'A
-I
or sin
However, an overall economy of computation results from the use of the
arctan function,
As noted earlier, the angley is defined as the angle befween the plane
of AOB and the xy plane. It is also the angle between the vector _N and the
z axis; cosy is therefore the direction cosine of V N with respect to the
z axis. Using the z component in Equation 19,
xAY B - xBY A
cos Y = (22)
If the numerator and denominator are both divided by 2,
cos Y
xAY B - xBY A
2
2
This shows that cosy is also equal to the ratio of the signed projected area
of triangle AOB on the xy plane and the plane area of triangle AOB.
In the right-handed system shown, cosy is positive when the order of
_computation of the vectors in the cross product causes the normal vector
V N to point in the direction of the +z axis (0 <Y<90). The order in which one
proceeds from point to point on the boundary of surface 2 will sign each
elliptical sector accordingly; however, because the sectors are summed
algebraically, the same absolute magnitude will result regardless of order.
Because the point factor is always a positive number, the order is compu-
tationally unimportant. Nevertheless, the program requires that data be
entered in counterclockwise order for other reasons. This will be discussed
in more detail later.
-9-
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B (1,3,3)
A 2
\
\
A (1,1,3)
C (3,1,3)
V N
dA 1
\
I
Figure 2. Geometry of New Method of Configuration Factor Computation
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D The relative ease with which the point factor can be computed is best
illustrated by an example. Using the triangle shown in Figure 2, and start-
ing with line segment AB, from Equation 18.
OA • OB = I+ 3 + 9 = 13
From Equation 20
From Equation 21
8AB
+0+(z) z = Vq-6
[ 1T J 0.453
From Equation 22
cos
Moving to BC,
2
YAB _ 0.316
O"B C_C = 3 +3 + 9 = 15
I_Bcl =V 62 + 62+ (-8)2 = v_6
OBC = tan -1 [ 1-7 =- 0.661
-8
= - 0.686
cos YBC V/136
Finally, line segment CA,
OC OA = 3 + I + 9 = 13
_VA = V 0 + 62 + (-Z)2 = _/_
- 11-
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0CA = tan-If 13_= 0.453
cos _¢CA
2
- 0.316
The configuration factor is, therefore, from Equation 17,
2{0.453) (0.316) + {0.661)(-0.686)
c = 0.0266
12
Note the repetitive nature of the computation. Thus, all surfaces
represented by straight line segments in space can be analyzed in the
simple, direct manner shown.
C OOR DINAT E TRANSFORMATION
The task of computing factors, even when simple "closed-form"
solutions are available, is often laborious because the surfaces under con-
sideration appear in difficult, skewed relative positions. A significant part
of this effort has been eliminated by the program through the possibility of
general coordinate transformation (translation and/or rotation}. Surface
data may be entered for each surface using an individually convenient local
origin. The surfaces may then be linked together by transforming one or
both surfaces to a convenient third origin which is common to both surfaces.
The fact that internally generated surfaces may also be transformed makes
this feature a very powerful tool.
Actually, two different types of coordinate transformation are used by
the program. The transformation discussed in the prior paragraph is
termed a "primary" transformation, and is under control of the user through
transformation data entry. The second type of transformation is termed an
"auxiliary" transformation, and is under internal program control only. An
auxiliary transformation transforms the surface coordinates of both surfaces
into a new coordinate system formed so that the xy plane of the coordinate
system lies in the reference plane of one of the surfaces. The reference
plane of a surface is the plane formed by the first, second and last point
describing that surface. The origin of an auxiliary coordinate system is
located at point 1 in the particular surface controlling the transformation.
-12-
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The x-axis is directed along the line 'segment formed by points 1 and 2. The
surface unit orientation vector becomes the z-axis; the y-axis is computed
orthogonal to the x- and z-axes, thus locating the xy plane in the control
surface reference plane.
The auxiliary transformation actually serves two purposes. First, it
is utilized by Subroutine DOICU to facilitate reconstruction of the "seen"
part of surfaces that are not entirely seen by the other surface. Second,
the program requires that prior to computation of the configuration factors,
surface 1 must appear in the xy plane of the final coordinate system along
with surface 2 in its proper relative position. This is necessary to enable
Subroutine MAP to select points on surface 1 from which factors to surface 2
may be directly computed, or from which silhouettes of surface 2 may be
generated and factors computed.
For example, suppose Figure 3 represents the surfaces of various
items of equipment appearing in a compartment. The unprimed coordinate
system shown may be conveniently chosen at a corner or axis of symmetry,
possibly as shown on a mechanical drawing. This system may not be con-
venient for data entry of the disk, however. The primed coordinate system
with the origin at the center of the disk is the more logical choice in this
case. The previously described surface generator will generate the disk
about this origin. The disk data can then be transformed from the primed to
the unprimed system by a primary transformation. The choice of generating
the cube and transforming, or directly entering data from the unprimed sys-
tem, is left to the user as it requires approximately the same effort either
way. The plate coordinates can be easily entered from the unprimed system.
Now, suppose we desire the form factor from the disk to the plate. If the
data are entered as discussed above (including the transformation data), the
program will generate the disk and then primary transform disk coordinates
to the unprimed system. Since the disk is bisected by the plate, an auxiliary
transformation of all coordinates, both disk and plate, will be made from the
unprimed to the quad-primed system. Now, that portion of the disk appear-
ing above the active side of the plate will be determined, and an auxiliary
transformation of the plate and truncated disk will be made to the double
primed coordinate system, i.e., the reference plane of the disk. The disk
is now in a position for mapping, and the plate coordinates are proper for
obtaining the configuration factors. A similar manipulation of surface data
would be made to obtain the form factor tothe cube with one exception--no
truncation of the disk would occur and the auxiliary transformation to the
double -primed system would occur immediately after primary transformation.
The transformation technique utilized for a primary transformation
differs from the customary mcthod whereby old coordinates plus translation
data and direction cosines or Euler angles are supplied, from which a new
set of coordinates are derived. The program requires the coordinates of
-13-
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Figure 3. Surface Coordinate Transformation
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any three points (not in a line) measul-ed from the new origin. These data
are then used to derive direction cosines and translation terms, by which the
old coordinates are then transformed to the new origin.
The reader may find it easier to visualize transformation in terms of
the movement of the surfaces instead of the origins. In the case of the disk,
again referring to Figure 3, we may say we generated the disk with its center
at the origin of the unprimed system and in its xy plane, and then moved the
surface to the position indicated by the primed system. This viewpoint
appears more realistic when motion is simulated by transforming a surface
along a particular path.
The mathematical treatment of primary and auxiliary transformation is
presented in Appendix C of this volume.
SILHOUETTE GENERATOR
Data representing a solid surface cannot be directly used as Surface 2
in a configuration factor computation. Subroutine FACTOR requires that
a single array be made available containing the surface boundary points.
and requires only those points, which, when taken in numerical sequence,
form a valid silhouette of surface 2 from a particular point in surface 1.
Generally, it is impossible to satisfy this requirement with a single input
array if surface 1 is finite and surface 2 is arbitrarily nonplanar or solid.
It is the function of the silhouette generator to determine which points in a
given set of surface 2 data form the silhouette from preselected viewpoints
on surface 1.
The silhouette generator computes the silhouette from the perspective
of surface 2 developed on the z-unity (Z = +1) plane. The perspective on
the z-unity plane is the locus formed in the plane by the boundary of the solid
angle subtended by surface 2.
For example, the view of a cube from two positions on the xy plane is
shown in Figure 4. The coordinates of each point in the z-unity plane are
derived in the following manner from the coordinates of its corresponding
point on the cube. Note the triangle formed by the origin, point 2 in the
cube, and point Q, the vertical projection of point 2' on the xy plane. A
similar triangle is constructed from point 2 to point N. From similar
triangles,
!
ON Z 2
- (22)
OQ Z 2
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Figure 4. Simple Silhouette Geometry
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In like manner, using triangles RON and SOQ in the top view,
ON OR NR
OQ - OS - QS
I
but OR = X 2, OS = X 2,
Therefore,
I !
NR = Y2, QS = Y2 and Z 2 = 1.
! !
X2 Z2 1
X 2 Z 2 Z 2
X 2
! =
xz
(23)
and similarly,
, Y2
Y2 =Z-2-2
(24)
This reduction to two dimensions results in considerable simplification.
Given the coordinates (x, y) and point connections data, it is possible to
determine the line segments forming the silhouette by application of a simple
criterion. At each point on the silhouette, those line segments forming the
largest included angle define the silhouette. For example, at point 2' in the
lower silhouette in Figure 4, vectors 2' - 8', 2' - 1' and 2' 4' emerge from
the point. Vectors 2' - 8' and 2' - 4' obviously form the silhouette, and can
be numerically selected by applying the criterion.
Figure 5 shows the development of the z-unity plane silhouette of a
multisurface. In contrast to point D, surfaces $2 and $3 appear separated
in the silhouette when viewed from C.
Note the line connecting 4 to 7. This device, a "bridge" line, is
utilized to cause the silhouette generator to include both surfaces in the
silhouette, otherwise surface $3 would be ignored. Because the line has no
width, it has no effect on the factor computation, but the silhouette generator
follows the line as if it were a boundary of the multisurface $2 plus $3.
The distinguishing difference between the silhouettes shown in Figure 4
and Figure 5 is the fact that "crossover" occurs in Figure 5. The silhouette
at a crossover is formed by intersecting line segments at a point between
line segment extremities. The detection of such intersections, and the
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computation of the coordinates of the intersection, requires considerable
analysis with resultant increased computer time. Because of this, silhouette
analysis is termed "simple" if no investigation is made by the silhouette
generator to detect crossovers, and "complex" when such is made. Only
multisurface data (class 8) are run in the complex mode. All other surface
data requiring the silhouette generator (classes 4, 5 and 6) are run in the
simple mode.
SURFACE GENERATOR
The program cannot directly compute factors to curved surfaces or
boundaries such as disks, cylinders, etc. A series of line segments must
be substituted for a curved line. In gener'al, the more line segments used,
the more accurate the simulation. Because every surface point requires
three coordinates (and connecting points data, when the silhouette must be
computed), preparation and entry of data for even a modest simulation of a
cylinder can involve a considerable amount of effort. The internal surface
generator eliminates most of this effort.
The surface generator is used to create surfaces entered under data
classes 3 or 6. Regular plane polygons are created under class 3, but no
connections data are generated. A regular plane polygon or solid surface,
including connections data, is created under a class 6 entry.
The surface generator "creates" a surface in accordance with cross
section specifications. The following information is required to create a
class 3 surface:
i. Number of cross section division (sides) >-3
2. Coordinates (x, y, z) of center of polygon
3. X-axis radius
4. Y-axis radius.
Because of a class 6 surface may have one or more cross sections, the
following data are required:
i. Number of cross section division (sides, ->3
2. Number of cross sections
3. Coordinates (x, y, z) of first cross section
-19-
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4. X-axis radius of first cross section
5. Y-axis radius of first cross section.
If more than one cross section is specified, the following data are required
for each additional cross section: x-axis radius, y-axis radius and z-coor-
dinate. All cross sections are created parallel to the xy plane of the generator
coordinate system, and may be specified above or below the xy plane. Note
that xy coordinates are required to locate the first cross section only. If
more than one is specified, all are oriented along the same vertical center-
line to the position specified by the respective z-coordinate.
The basic generating element is the-ellipse. Because only complete
polygons are generated, the total angle of 2 _ radians about the vertical center-
line is divided by the number of sides specified to yield the unit parametric
angle _b in the equations of the ellipse:
X = (XR) cos
Y = (YR) sin
Instead of the conventional semi-major and semi-minor expressions,
the terms "x-radius" and "y-radius" are utilized; the larger of the two
becomes the semi-major axis as shown in Figures 6 (a), (b), and (c). When
IXRI : IYRI , the generating figure is circular and a regular polygon of N
sides results. Notice that the generating figure always circumscribes the
generated polygon. If both XR and YR are positive, the program will generate
point i to the right {toward the +x axis) of center as shown in Figure 6 (c),
proceeding in a counterclockwise manner about the vertical centerline to
complete the remaining point. The orientation vector computed for this sur-
face will point toward the +z axis denoting that the active side of the surface
is the "upper" side, i.e. the +z side. If one desires the opposite, or -z
side, to be the active side, the value of YR is made negative. This will cause
the points to be generated in a clockwise manner from point I. However, the
surface data, and therefore the orientation vector, can also be reversed by
means of the pseudo-transformation entry "9R" discussedinmoredetail later.
Figure 6 (d) shows an eight-sided polygon elevated above the xy plane.
Figure 6 (e) indicates the order in which point numbers are assignedto a solid
surface. The first point is always assigned to the first coordinates in the
first cross section. Numbers are assigned in numerical sequence vertically
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until the last cross section is numbered, for a particular value of _; the
sequence is continued in similar manner with the first cross section and the
next value of qb, until all points are defined.
Point connections data are also computed for each point for class 6
surfaces. For example, in Figure 6 (e), points 2, 3 and 15 are computed for
point 1; points 1, 4 and 16 are computed for point 2, etc. This information is
used by the silhouette generator.
An example of the variety of objects which may be created by a few cards
of specifications are shown in Figure 6 (f). The cone vertex is generated
merely by specifying zero x-radius and y-radius.
The internal surface generator also computes the surface area of the
generated solid, if the cross sections are similar. Because the silhouette
generator analyzes the solid figure, the total surface area is computed. For
instance, the area of the prismatic cylinder shown in Figure 6 (e) would
include the top and bottom polygons. The surface area computation analytical
development is given in Appendix D.
D
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Figure 6. CONFAC II Surface Generator
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SECTION II. COMPUTER PROGRAM CONTENTS
PROGRAM DESCRIPTION
The program is written in IBM 7094 FORTRAN IV source language.
The source deck consists of the main program and subprograms UNIVEC,
DCODZ, DATA, TXFRM, DOICU, MAP, SILFAC and FACTOR. Algebraic
routines required from library tape are SQRT (square root), ARCTAN
(inverse tangent trigonometric function), COS (cosine trigonometric function),
and SIN (sine trigonometric function). FORTRAN logical tapes 5 and 6 are
used in the NAA computing system "NAASYS" for input/output. Logical
tape 3 is used by CONFAC when card image printout of data is desired.
IBM-IBSYS facilities utilizing different input/output tape numbers may easily
alter tape assignments by using a_NAME control card. The source pro-
grams are presently dimensioned so that a 32 K core size is required.
Main Program
The main program reads title cards, comments cards, surface data
and transformation data name cards and run instructions (factor requests)
from input tape 5. If a card image printout is desired, each card image is
printed on output tape 6 and auxiliary tape 3. After reading is terminated by
an END card, tape 3 is then used as the input tape. Upon detection of sur-
face or transformation data name cards, control is transferred to subroutine
DATA.
When a factor request card is detected, the main program directs flow
as required to subroutines TXFRM, DOICU, MAP and FACTOR or SILFAC
depending upon whether the silhouette generator is required or not. The
complex procedure of assembling multisurfaces is accomplished in the main
program to permit efficient execution of surface transformation requirements.
Program results are output by the main program.
Subroutine UNIVEC
This subroutine computes the components of a unit orientation vector
normal to the reference plane formed by the first, second and last point in
surface data classes l, 3, 4 and plane 6. The cross product of vectors 1-2
and l-last is computed and normalized. The vector is formed normal to
point I, and is located on the active side of the surface, thus orienting the
surface.
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It also computes a new fourth point normal to the new three points sub-
mitted in transformation data and an old fourth point normal to the old three
points in the surface data to be transformed.
Subroutine TXFRM
The first section performs the auxiliary transformation. This transfor-
mation is used to reconstruct a surface which is bisected by the second
surface. It also tests surface 1 to determine if the reference plane is sub-
stantially in the xy plane of its coordinate system. If it is not, an auxiliary
transformation is effected to move the surfaces to fulfill this requirement
prior to computation of silhouettes or factors.
This subroutine also performs a primary transformation as indicated
by run instructions and transformation data. This transformation, if indi-
cated for a surface, is accomplished prior to entry to subroutine DOICU so
that tests of the surface "view" of each other occur in their transformed
position(s ).
The pseudo-transformation "9R" is accomplished in this subroutine.
This operation merely reverses the order of data entry and orientation vector
of plane surfaces as indicated in the factor request. The original surface
data is not disturbed by any transformation; temporary storage is utilized.
Subroutine DOICU
The function of this subroutine is conveyed literally by its name DO-I-
C-U. Given surfaces Al and A2 with the "active" side of each surface
identified by the surface orientation unit vector, the question is asked: Is
all, part, or none of surface A1 "seen" by A2? Conversely, does AZ see
all, none, or part of Al? This is accomplished by computing the vector dot
product formed by the unit vector in one surface with the vector formed by
point l in the first surface and each point in the other surface (see Figure 7).
The sign of the dot product indicates whether the angle between the vectors
is less than or greater than 90 °, which reveals the position of the point
relative to the plane of the viewing surface. In Figure 7 (a) the dot products
from surface A1 to A2 are all positive, and conversely, from A2 to Al are
also all positive: A1 sees all of A2; .k2 sees all of AI. However, in
Figure 7 (b) all dot products from A2 to Al are positive, but fromAl to
A2 all are negative. Hence, in general, if all dot products from one surface
to another are negative, then the surfaces do not see each other, even
though the converse products may be positive. There is also the trivial
case where all products are zero, in which case the surfaces are in the
same plane, and obviously cannot see each other.
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Figure 7. DOICU Surface Generator
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Figure 7 (c) shows a surface A2 bisecting surface A1. In this case,
some of the dot products from A2 and A1 are positive and some negative.
In Figure 7 (d)both A1 and A2 are bisected. Nonplanar surface A3"was added
to show how it would be bisected by AI. Surface A3 has no orientation vector
and thus no test is made of the view from this surface. The vertical dashed
line in A2 represents how the plane I-2-5-6 in A3 might bisect A2. DOICU
will not detect this condition. If the configuration factor c23 were required,
DOICU would properly bisect A3. However, if the factor to the concave side
only is desired, an error would result because part of A2 sees the convex
side of A3. This represents one of the limitations of CONFAC I that is
carried over to CONFAC II.
If a surface is bisected, DOICU reconstructs the surface data to
exclude the area not seen by the other surface. If point 1 in the original
surface is removed as a result, a new orientation vector is created over
the new point l as shown in Figure 7 (c). Notice that in reconstructing A3
(Figure 7 (d)), DOICU created the new array l, 2, 3, 4', 5' This "surface"
is identical to the actual surface seen by A1 insofar as factor computation
from Al is concerned.
The bisection of a surface is done in a simple manner, with the aid of
the auxiliary transformation capability. For example, in Figure 7 (c), the
coordinates of both surfaces are transformed so that A2 lies in the XY plane
of the auxiliary (primed) coordinate system. Each point in A1 is tested, in
numerical order, until a change in the sign of the z-coordinate occurs. The
coordinates of the new points where the transition line segment crosses the
x'y' plane (z' = 0) are obtained by computing x and y intercepts of traces
projected on the x'z' and y'z' principal planes.
Subroutine MAP
The double integral in Equation (9) and its numerical counterpart in
Equation (10)mathematically represent the volume under a surface defined
by the configuration factor Cl2 = f(X, Y). Subroutine MAP decides the
location (x, y) from which each factor to surface 2 will be computed.
It is assumed that surface 1, being classed as a plane, is a plane
surface throughout. The program insures only that the reference plane of
surface 1 is in the xy plane of the final coordinate system. MAP will use
the xy coordinates of a11points, and assumes a value of Ofor all z coordinates.
This procedure cannot properly map a nonplanar surface.
Subroutine MAP determines the maximum y coordinate and the minimum y
coordinate from among the points defining surface l (Figure 8). The total
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vertical distance between Ymax and Ymin is divided into equal vertical
increments, as specified by the run instructions. Then, horizontal lines
are scribed across (parallel to the x-axis) the surface at each vertical
increment position, including Ymax and Ymin. The point at which a horizon-
tal line i,_tersects the left (toward the negative x direction) boundary of
surface 1 is termed "x-left" and the intersection on the right, "x-right".
Each horizontal line segment thus created is termed a "mapping line".
Each mapping line segment is also divided into an equal number of increments
as specified by the run instructions. All mapping lines are divided into the
same number of increments, not necessarily the same size of increment.
Obviously, if surface 1 converges to a point instead of a line at Ymax or
Ymin the horizontal increment is 0. A configuration factor is computed at
each increment point along a mapping line, including x-left and x-right, which
means the number of factors per line is one greater than the number of
increments.
The number of increments is automatically set to 24 horizontal and 24
vertical by a title card, but can be separately specified by input data to 2, 6,
18, 24, 30, 36, 42, 48, 54, or 60. The details are discussed in Section IV.
A typical example of surface 1 mapping using a standard (24 x 24)
increment is shown in Figure 8 (c). The mapping area is also computed by
subroutine MAP; it is the sum of the rectangular areas formed by each
mapping line. A measure of form factor accuracy is the degree with which
the mapping area approximates the actual surface area.
Figure 8 (a) illustrates a surface 1 orientation that cannot be satis-
factorily mapped because the crosshatched area is ignored. The program
does not allow more than one left and one right intersection between a
mapping line and the surface boundary; the program will detect this condition
and print a diagnostic warning. This restriction may be avoided by rotating
the surface sufficiently as shown in Figure 8 (b).
Subroutine SILFAC
This subroutine computes the silhouette of surface 2 which appears from
the points selected on surface I by subroutine MAP, and then computes the
configuration factor from this silhouette. After all configuration factor s have
been determined, the form factor is computed by numerical integration.
Surface data entered as class 4, 5, 6, 7 or 8 is processed by SILFAC.
Class 7 data, a sphere, is processed in this routine, but the silhouette
generator is not utilized; a closed form solution is used instead (see
Appendix E of this volume).
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Classes 4, 5 and 6 are processed by the silhouette generator in the
simple mode; only those points given in connections data are analyzed to
select the next point on the silhouette. Surfaces such as planes, cylinders,
parallelepipeds, etc. may be processed in the simple mode.
Class 8, a multisurface, is the only class processed in the complex
mode. One or more {limitations on data are given at the end of this section
and in Section IV) surfaces may be processed as a multisurface. Processing
in the complex mode is complicated because the computer must test all line
segments in all surfaces {including the surface in which the segment appears)
in order to select the next point forming the silhouette, or to compute the next
point on the silhouette. This analysis is further complicated by ambiguities
resulting from normal imprecision in input data and internal arithmetic round-
off, necessitating the use of numerous time consuming tolerance tests.
Consequently, a factor computation in the complex mode takes considerably
longer than the simple mode.
if a surface is processed as simple when it should be complex, a wrong
silhouette will be computed whenever a crossover (an intersection of two line
segments) occurs. The configuration factor computed from that silhouette
will be wrong.
It is possible to detect certain kinds of trouble in the silhouette
generator from the detailed silhouette output which lists the points forming
the silhouette. Normally, the silhouette will start at the lowest leftmost
point in the z-unity plane perspective developed for the noted point in
surface 1, and move progressively from point to point in a counterclockwise
manner, keeping the perspective area to the left. Whena crossover occurs,
the point is computed and assigned the next highest number in the data
array. For example, from point "D" in Figure 5, the silhouette derived in
the complex mode would appear in the detailed silhouette output as "Line No.,
Point No., I", 2", 9", 6", 5", 8", I0", 4", I." However, if this problem
were run as simple (both surfaces entered together as class 4) instead,
surface $3 would be ignored because the crossover at point 9 would not be
computed. The silhouette would appear normal, but actually be wrong, as
follows :
Line No., Point., I", 2", 3", 4", I."
A bad silhouette can sometimes be detected by the presence of internal
"looping. " Normally, a silhouette is completed by a return to the starting
point. However, if for some reason a wrong path is chosen, it may loop a
polygon within the perspective. Looping is characterized by the repeated
appearance of the same sequence of numbers. No internal pattern recog-
nition is attempted; the only detection is visual examination of the detailed
output.
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If a silhouette does not converge, i.e. , return to the starting point; a
factor of 0 is assigned to that point and the program proceeds to the next
point on surface I. This 0 is integrated as usual with other computed fac-
tors; the resulting form factor will therefore be in error. The degree of
error is determined by the number of zeros present and the incremental
areas represented by each zero. If the error is deemed excessive, a reason-
able adjustment may be made by estimating the factor from adjacent factors.
The incremental FA product correction can then be made and the form factor
adjusted as required.
The coordinates of the silhouette on the z = 1 plane are used directly
for factor computation instead of the actual points on the surface in space.
Because the z coordinate of each point is I, the configuration factor
equations for this special case can be simplified, and computing time
reduced. SILFAC, therefore, contains its own equations for configuration
factor computation and numerical integration across surface I. The
integration process is similar to the procedure given in subroutine FACTOR.
Subroutine FACTOR has been retained from CONFAC I for factor computa-
tions not utilizing the silhouette generator.
Subroutine FAC TOR
This subroutine computes configuration factors from each point on
surface l selected by MAP to surface 2. The exchange coefficient is com-
puted by numerical integration of configuration factors across surface i,
from which the form factor is finally derived as the area-weighted mean of
all configuration factors.
Factors are computed for each point along each mapping line, moving
from x-left to x-right, by translating the origin of the surface 2 coordinate
system in x. The analysis and equations are organized for minimum compu-
tational time; constants at each loop level are computed once prior to loop
entry. Because the usual output desired is only the form factor, configuration
factors per se are not computed unless a detailed output is requested. A
numerical integration of computed point function with respect to x is performed
before proceeding to the next line. After all horizontal integrations are
completed, these products are integrated with respect to y, and divided by
the mapping area computed in subroutine MAP.
A standard 24 x 24 grid results in 625 configuration factors to be
computed. The question naturally arises as to whether this many configura-
tion factors are actually required. If the configuration factor changes very
little across surface l, then it is probably too many; but if there are sharp
changes in the factor, and third place accuracy is desired, then it is
probably sufficient. Contrary to expectations, a more sophisticated inte-
gration rule such as Simpson's or Weddle's is not as accurate as the
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trapezoidal rule for standard increments if the factor function slope changes
rapidly. Weddle's Rule was initially used, which explains why the program
increment control is in groups of six (except the initial 2 which is not in
CONFAC I). If the factor varies smoothly, a 6 x 6 We ddle Rule integration
(49 factors) is probably as accurate as the standard 625 factors presently used
by the trapezoidal rule. The time saved is appreciable when running many
factors. If desired, Weddle's Rule may be inserted in the source deck and
compiled with no other changes required.
The form factor computed by the above is from that part of surface l
which "sees" surface 2. If surface 1 is bisected, then the computed factor
must be reduced in proportion to the area reduction. This is required
because the total active side of surface 1 entered in data is considered the
radiant surface.
GENERAL RULES AND RESTRICTIONS
The following general rules and restrictions must be observed for
normal program operation:
i. All data must be derived from right-handed rectangular
coordinate systems.
_° Points i, 2 and the last point in plane surface input data
(class l and 4) must not form a straight line in space.
, The active side of a plane or nonplanar surface is established
by entering the boundary points in counterclockwise order,
as they appear when facing the active side.
. If the factor to a class 2 (nonplanar) surface is required,
only the active surfaces should be seen from any point on
surface l, and they must also be seen from every point on
surface i.
So
o
All surfaces used as surface 2 which utilize the silhouette
generator (classes 5, 6, 8, or 4 if included in class 8) should
appear above theplane of surface l, i.e., all z coordinates
must be nonzero and positive, prior to factor computation. If
they are zero or negative, a value of 0. 05 will be assigned, and
a diagnostic printed.
Detailed restrictions and limitations upon input data are given
in Section III.
-31 -
SID 65-1043-2
NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
SECTION III. INPUT DATA
DATA SPECIFICATIONS AND SPECIFIC RESTRICTIONS
Input data consists of title cards, comments cards, externally (user)
computed surface data, specification data used to create internally computed
surface data, multisurface data, transformation data and factor request data.
Title cards are discussed under Program Control.
Data type is classified by the use of an integer from 1 to 9 placed in
column 1 of the data name card, followed by a 1 to 5 FORTRAN character
name to provide data identity within each class. The classes of data are
described below.
Surface and Transformation Data
Class l - Plane Polygon
The x, y, and z coordinates of each point defining the surface boundary
are required. Only one side of a single plane surface can be made active
i.e., may interchange radiant flux with another surface. The active side is
established in the following manner: face or look at the desired active side,
and select any point on the surface boundary as point number one. Proceeding
in a counterclockwise direction about the boundary of the surface, select the
remaining points in sequence. If this rule is followed, the surface will always
be on the left when moving along the boundary. The active side may be
reversed in run instructions by use of the "9R" pseudo-transformation.
The x, y, and z coordinates of each point are entered on the data cards
in the above sequence, and each point is numbered internally according to its
position in the data.
It is assumed that a class l surface is a plane surface. No internal
check is made to verify this (in contrast to CONFAC I). If a substantially
nonplanar surface is classed as a plane surface, serious errors in mapping
could result if it is used as surface i, or wrong factors could be computed if
it is used as surface 2. See item 4, General Rules and Restrictions, Section II.
No point connections data are entered under class l; the silhouette
generator is not used except when entered under a class 8 entry. In this case,
connections are generated by the program.
Class 2 - Nonplanar Surface
Two or more plane surfaces, not in the same plane, adjoining or
connected, and entered as one package are termed a nonplanar surface.
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A class 2 surface can be used as a surface 2 if the side of each facet
selected as the active side, and only those sides, are seen from everywhere
on the active side of surface 1. The counterclockwise order of data entry
establishing the active side is also required as in class l, but no orientation
vector is generated.
Connections data comments are the same as given in the Class 1
discussion.
Class 3 - Internally Generated Plane Polygon, No Connections Data
The internal surface generator will compute the coordinates of each
point defining a plane polygon, parallel to the xy plane, with an orientation
vector erected over point 1 and directed along the +z axis. A detailed
description of the internal surface generator is given in Section I.
The data required for a class 3 surface is:
No. of sides, 3 __ N __ 100
x-axis radius
y-axis radius (if positive, the orientation vector is directed
toward +z axis; if negative, toward -z axis)
x, y, and z coordinates to center of polygon
A class 3 surface is used in the same manner as a class i surface. The
same rules and restrictions apply.
Class 4 - Plane Polygon with Connections Data and Class 5 - Nonplanar
Polygon or Solid Surface with Connections Data
A class 4 surface is actually a class 1 surface with connections data
added, making itpossiblefor it to be processed with the silhouette generator.
But, in general, no useful purpose is gained by the use of the silhouette gen-
erator to process a 101ane surface, unless it is combined with other surfaces.
Therefore, a class 4 surface is processed as a class 1 surface, unless it is
listed under a class 8 entry. However, the modifications currently incor-
porated allow entry of class 1 surfaces directly into class 8 multisurfaces.
A class 5 surface is always processed in the simple mode by SILFAC
unless listed under a class 8 entry.
A maximum of 100boundary points may be entered describing a class 4
or 5 surface. Up to four connecting points for each boundary point may
be entered. If more than four connecting points are required, one may enter
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more boundary data points having the same coordinates and connecting to each
other, using the surplus (3) connections to satisfy the additional connections
requirem ent.
Class 6 - Internally Generated Polygon or Polyhedron, Including Connections
Data
A detailed description of the internal surface generator is given in
Section I. A class 6 surface is always processed by SILFAC - in the simple
mode if used directly, and complex mode if listed under class 8. The data
required to create a class 6 surface are:
I. Number of cross sections
2. Number of cross sections divisions (sides)
3. Coordinates and generating radii of first cross section
. Z-coordinate and generating radii of additional cross sections,
if any.
Attention is directed to general restrictions 3, 4, and 5 in Section II.
Class 7 - Sphere
The radius and the x, y, and z coordinates of the sphere are required.
A primary transformation of a sphere is pointless and therefore not permitted.
Arbitrary orientation of both surface 1 and sphere is allowed. One peculiar-
ity exists which differs from the usual treatment of bisected surfaces. If
the plane of surface 1 bisects the sphere, the area of the spherical surface
above the horizon of surface 1 will be computed. Now the sphere cannot
bisect surface 1 in the usual sense, but it is possible that a bisected sphere
may be partly or totally inside the boundaries of surface 1 - embedded in the
surface. In this case, the program will merely assign a zero for the configu-
ration factor when the viewpoint from surface 1 is inside the sphere. This
zero will be integrated as usual with the other factors computed along each
mapping line. No computation of the surface 1 area seeing the sphere is
made, however, even though part of surface 1 is not seen by the sphere.
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Class 8 - Multisurface
A multisurface is a group of individual surfaces which are effectively
considered to be one continuous surface by the silhouette generator. This
concept permits the computation of factors to surfaces which are "shadowed"
by intervening surfaces. All surface data except spheres (class 7) may be
entered into a multisurface.
If the coordinate data of a particular surface is to be transformed prior
to assembly into the multisurface, the name of the transformation data is
specified in the multisurface data entry. If the complete multisurface is to
be transformed, the name of the transformation data is specified in the factor
request. In this respect, class 8 data is processed in the same manner as
other surface data.
Class 9 - Transformation Data
Transformation data consists of the coordinates of three points in a
surface, not ina straight line, derived from the "new" position of a surface
which has been moved in its coordinate system. One may, with equal validity,
interpret the transformation to mean that the origin of the coordinate system
is being moved to a different position, and the data are the coordinates of each
point taken from the new origin. The three points selected need not be chosen
or entered in any particular order, nor must the same points be used if more
than one different primary transformation of the same surface is desired.
The pseudo-transformation name "9R" is not entered in data, but only in
factor requests.
Factor Requests
Factor requests specify, for each factor desired, the following:
I. The name of surface i data
2. The name of surface 2 data
3. The names of surface 1 and/or surface 2 transformation data
. Whether a standard (minimum) or detailed printout mode is
desired. The code "D" signifies that a detailed printout is
desired. The code "N" signifies that a standard printout is
desired. The code "blank" is a command to use the printout
mode used for the prior factor request with the following
exception. The program is initialized to the standard "N"
mode before the first factor request is processed and by a
title card.
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i
1 The horizontal and/or vertical divisions to be used in mapping
surface I. The major divisions that can be used are 6, 12, 18,
24, 30, 36, 42, 48, 54 and 60, but these are specified in the
factor request by the integers I, 2, 3, 4, 5, 6, 7, 8, 9, and
I0. The special division of 2 is specified by the integer II.
The presence of a blank field is interpreted in a similar manner
as the output mode specification.
DATA DIMENSION RESTRICTIONS
l. A maximum of I00 boundary points (300 coordinates) for each
surface entered as class l, 2, 4, and 5, or assembled under a
class 8 entry.
21 A maximum of i00 points, equivalent to I00 sides, generated by
class 3 data.
. For class 6 data, the number of sides plus one, times the number
of cross sections, must not exceed 101 if planar, and 102 if
nonplanar. The number of cross sections must not exceed 11.
. The grand total of surfaces entered or generated by class 4,
5 and 6 must not exceed 10.
. The grand total of surfaces entered or generated by classes l,
2, 3, 4, 5 and 6 must not exceed 17.
6. The total number of class 7 data must not exceed 10.
7. The total number of class 8 data entries must not exceed 12. No
more than 6 surfaces may be entered together as a multisurface.
8. The total number of class 9 data must not exceed 10.
PROGRAM CONTROL
The program deck setup is shown in Figure 36. Note the presence of
the title card immediately following the _DATA and Variable Format. A
title card must have a "T" or an "I" in column i. The title card serves
three purposes. Columns 2-72 may contain run identification data such as
job title, user name, date, etc. Second, the presence of this card is a
command to reinitialize data storage locations so that newjdata may be read
into storage. This means, however that the old data is no 'longer available
for factor computations unless reentered as new input data. Third, the 'T'
control character in column 1 signifies that a card image (columns 1-80)
printout of all data up to and including the END card is desired, prior to data
processing. If an"I" appears in column l, the group of data for which a card image
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printout is desired must be terminated by an END card. If an image printout
is not desired, a "T" must appear in column i, and an END card is not
required (it will be ignored if present).
Actually, the program initializes all data locations for the first run
whether a title card is present or not. However, the title card ("T" or "I"
in column I) is the only way to reinitialize data locations so that a new group
of data and factor requests may be processed.
It appears desirable to have separate identification of the various fac-
tors computed, and a comments card has been provided for that purpose. The
comments card has a "C" in column i, and a comment may appear in
columns 2-72. A comments card may be inserted between run instruction
cards, and the line of comment given on the card will be printed below the
title on all output thereafter, unless superseded by another comments card.
Comments output may be entirely suppressed by using another com-
ments card containing blanks in columns 2-72.
FORMAT
All data may be entered on NAA FORTRAN Fixed I0 Decimal Data
sheets. Each line represents 12 card columns with six lines per card, making
a total of 72 card columns available for data entry. Columns 73 -80 are used
for card identification and/or numerical sequencing for sorting purposes.
Title Card
A title
in column i.
Figure 9.
card is characterized by an alphabetical "T" or an "I" placed
Columns g- 72 available for job identification, as shown on
Comments Card
A comments card is characterized by an alphabetical "C" placed
in column i. Columns 2-72 are available for comments, as shown on
Figure 9.
Surface and Transformation Data
All surface and transformation data is preceded by a name card uniquely
identifying the data. A name consists of six FORTRAN characters (a com-
puter "word") and always occupies the first six columns of the name card.
The data class, an integer from l to 9 which is part of the name, must
always be placed in column i. The remainder of the name occupies
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columns 2 - 6, and it is important to note that a blank space is considered a
character and a part of the name. For example, the name 1S1 is not the
same as 1 Sl or i S1.
The next word on the name card, columns 7 - 12 must be left blank.
Decimal input data (all except class 8 and factor requests) may be entered in
one of two modes. The first mode utilizes fixed input formating; data must
be entered into specified fields on the card. This is the original and only
mode used by FORTRAN II CONFAC II. However, FORTRAN IV features
a powerful "free style" data entry technique called "NAMELIST." This mode
of data entry permits consecutive entry of decimal data separated by commas.
In most cases, the number of cards required to enter data using name is
drastically reduced.
Because of present data management restrictions, the full flexibility
of NAMELIST cannot be realized. One cannot, for example, modify surface
data once entered by selective specification of the subscripts of the points to
be changed in the array. Data once entered cannot be changed except by com-
plete reentry after reinitialization with the title card. If reentry is attempted
without reinitialization, the program will not process the data properly.
The use of the NAMELIST mode of data entry is commanded by the
presence of any nonblank character in the third word (columns 13 - 18) of the
name card. If the third word is blank, then the standard fixed-format mode
described as follows will be used. The remaining words (columns 19-72)
may be used for data identification.
The first column of each card used for a NAMELIST data entry must
be left blank. The embedded blanks in the first word must appear identically
as shown in the various formats illustrating data entry. No data or alphabetic
characters may appear in the card sequence area (columns 73-80). Commas
are used to separate items of data; there must be no embedded blanks in the
item, but blanks may precede or follow each comma. Data may be continued
on as many cards as required, but a data item cannot be entered partly on
one card and partly on the next. A comma or a _ sign must follow the last
item on a card; the comma is used if data to be continued, the _ sign if not.
The data identified by the name card must follow the name card. There
are seven different formats which must be adhered to in entering data.
Class 1 and 2
The number of points to be entered describing the surface appears on
the first line, Figure 10, followed by the x, y, and z coordinates of each
point in sequence. The order in which the points are selected in the surface
is explained in detail in Section Ill.
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Class 3
The number of sides are entered on the first line, followed by the x, y,
and z coordinates of the center of the internally generated polygon, the x-axis
radius and the y-axis radius as shown in Figure ii.
Class 4 and 5
The total number of points describing the surface are entered on the
first line as shown in Figure 12. The x, y, and z coordinates of the first
point follow on the next three lines. The fourth line, representing 12 columns,
is divided into four equal parts of 3 columns each. Each point in the surface
connecting to point l is entered, up to a maximum of four. The pattern is
repeated for the remaining points describing the surfaces.
If NAMELIST is used for data entry, four items must always be entered
for connections to each point. Zeros are entered instead of blanks when less
than four connections exist.
Class 6
The numbers of surface cross section boundary divisions (sides) is
given on the first line as shown in Figure 13. The number of cross sections
desired is specified on the second line, followed by the x, y, and z coordinates
of the base (Ist) cross section. The x-axis radius of the base cross section
is given on the last line of the first card. The y-axis radius is entered on
the first line of the second card, followed by, if more than one cross section
is specified, the following, repeated for each cross section: The z coordi-
nate of the cross section from the xy plane, the x-axis radius and the y axis.
Class 7
The sphere radius is entered on the first line, followed by the x, y,
and z coordinates locating the center of the sphere as shown in Figure 14.
Class 8
The names of the surface(s) which are to be entered under this class
(Figure 14) are entered in odd number words, i.e. first word on each line.
The transformation data, if any, is entered to the right of the surface name.
Six surface names and six transformation names may therefore be entered.
Class 9
The first point to be transformed is entered on the first line, followed
by the x, y and z coordinates of the "new" position of the point as shown in
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Figure 15. The second point to be transformed immediately follows on the
fifth line followed by the x coordinate of the new position of the second point,
thus completing the first card. The y and z coordinates of the new position
of the second point are entered on the first two lines of the second card,
followed by the number of the third point to be transformed and its new x, y,
and z coordinates.
All of the numbers entered in the above data may be entered as fixed or
floating point numbers except connections data, which must be entered as
integers. If a decimal point is given (fractional numbers must have decimal
points given), the floating number may be located anywhere in the field (line);
if no decimal point is given, the number must be located to the extreme right
of the field (no blanks to the right of the number). The foregoing applies as
well to NAMELIST data entries, except that the field is defined as the space
between two commas.
NAMELIST data entry may be used for all data classes except Class 8.
The format shown in the upper part of Figure 16 is used for Classes I, 2, 3,
6, 7, and 9; the format in the lower part of Figure 16 must be used for
NAMELIST entry of Classes 4 and 5.
Factor Requests
Six FORTRAN words comprise a set of factor requests; two sets may
be entered on one card as shown in Figure 17. The first set starts at columnl
and the second set starts at column 37. Two words (12 columns) comprise
one line on the data sheet. The name of the surface l data is entered in the
first word (columns 1 - 6) precisely as it appears in the first word of the sur-
face data name card. The name of the surface 2 data is entered in the second
word (columns 8- 12) precisely as it appears in the first wordof the surface
data name card. If a primary transformation of surface l is desired, the
desired transformation data name is entered in columns 13- 18, otherwise, it
is left blank. If a primary transformation of surface 2 is desired, the name
of the transformation data is entered in the fourth word, columns 19 - 24. If
a standard output is desired, the character "N" is entered instead of "D."
If a blank is entered in both locations, the mode of output will be the same as
the last factor request. The horizontal mapping division integer is entered
in column 30 or 29 and 30. Similarly, the vertical mapping division integer
is entered in column 36 or 35 and 36. If columns 29 and 30 are left blank,
the horizontal mapping division used will be the same as the last factor
request. If columns 35 and 36 are left blank, the vertical mapping division
will be the same as the last factor request. The above format is repeated in
the same manner, starting from column 37 on the fourth line, for the second
set of factor requests on the card. There is no numerical limit to the num-
ber of factor requests which may be entered. The only requirement is, of
course, that the data called for has been loaded in under the names used.
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FORTRAN FIXED IO DIGIT DECIMAL DATA
DECK NO._ PROGRAMMER _ DATEJJ_J.b.;_ PAGE__of__ JOB NO.
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
NAME OF CLASS 7 SURFACE COLS 1-6
USE "7" IN COL 1 FOR A SPHERE
IMPORTANT: COLS. 7-18 MUST BE BLANK!
USE COLS 19-72 FOR ADDITIONAL DESCRIPTION
USE COLS 73-80 FOR CARD ID, ALL CARDS
RADIUS OF SPHERE
COORDINa. TES OF CENTER
N_ ALL DATA MUST USE DECIMAL POINT EXCEPT
INTEGERS WHICH MAY BE ENTERED TO
EXTREME RIGHT OF FIELD
2) DATA MUST BE DERIVED FROM RIGHT-
HANDED RECTANGULAR COORDINATE SYSTEM
FORTRAN FIXED IO DIGIT DECIMAL DATA
DECK NO, FORMAT PROGRAMMER K.A. TOUPS DATE 7/31/65 PAGE of JOB NO
NUMBER IDENTIFICATION DESCRIPTION DO NOT KEY PUNCH
E 8_XTX. X_ x. X ....... --i NAME OF MULTISURFACE, COLUMNS ,-6
USE "8" IN COLUMN 1 FOR THIS CLASS.
[L
L 3
[,
[=-_- ........ i.
q-i .......... L .......
IMPORTANT: COLUMSN 7-18 MUST BE BLANK!
USE COLUMNS 19-72 FOR ADDITIONAL DESCRIPTION.
USE COLUMNS 72-80 FOR CARD ID
-- 1 . $ T _1 $_ 1"__ ENTER SURFACE NAMES IN THIS COLUMN OF WORDS
! 2 N D 2 ND
' iii ENTER TRANSFORMATION DATA IN_4
.... THIS COLUMN OF WORDS.
j li - _ " ----73 " '_:: NOTE: NO NAMELIST ENTRY ALLOWED
Figure 14. Class 7, Sphere and Class 8 Multisurface
Specifications Input Data Format
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FORTRAN FI XED
DECK NO FORMA_ PROGRAMMER K.A. TOUPS
-- NUMBER [IDENTIFICATION I
x x x 4 _]
_E • F,. G ,
I0 DIGIT DECIMAL DATA
DATE 7/3]/65 PAGE__of__ JOB NO
DESCRIPTION DO NOT KEY PUNCH
NAME OF DATA
ANY NONBLANK CHARACTER IN
THE THIRD WORD (COLS. 13-18).
THEY DO NOT HAVE TO BE ALL
NONBLANK AS SHOWN
THIS FIRST WORD MUST APPEAR
IDENTICALLY AS SHOWN FOR ALL
NAMELIST ENTRIES.
NO DATA AFTER COLUMN 72
NO ALPHABETICAL CHARACTERS IN COLUMNS 73-80
COLUMN i IS LEFT BLANK ON FOLLOWING CARDS. THE LAST
ITEM ON THE PRIOR CARD IS
TERMINATED WITH A COMMA.
ii_ii¸ i .... ;!i;iliil;iiiii;!!iiii!iilTYPICAL FOR CLASSES (I, 2, 3, 6, 7,9)
DECIMAL DATA ENTRIES ONLY
FORTRAN FIXED
DECK NO.__ PROGRAMMER
_X_L._ NUMBER I DENTI FICA O._._._.
N
xx ......
!__T ....
k2y@l , _ 1 , C I I , C 2
L L. C3 _ c 4 _ × 2
_2_-• c 32 , c4 2, x_,3
Iq- Ic2 3, cs 3, c49j
j_ ----
xx_, V_._N_
I0 DIGIT DECIMAL DATA
DATE__ PAGE__of__ dO8 NO.
DESCRIPTION DO NOT KEY PUNCH
CLASS 4 OR 5 NAME
NAMELIST ENTRY
NOTE: FOUR ITEMS MUST BE
ENTERED AS CONNECTIONS DATA
FOLLOWING THE COORDINATES OF
THE POINT. FOR EXAMPLE_ /F
ONLY 2 CONNECTORS TO A
POINT EXIST• 2 ZEROS MUST
BE ENTERED FOLLOWING THE
TWO CONNECTIONS
Figure 16. Input Data Format, NAMELIST Mode
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SECTION IV. PROGRAM OUTPUT
Input data is processed and printed out for programmer verification
prior to its use in factor computations. The orientation vector head end is
also printed out for all plane surfaces, so that the "active" side used by the
program is clearly shown. Class 3 and 6 specifications as read in are
printed, along with the surface data generated by the specifications. If an"I"
was placed in column 1 of the title card, an image of each card will be printed.
A standard "minimum" output consists of the following:
I. Run number
2. Factor request data
3. The computed form factors from surface 1 to surface 2
4. The surface i mapping area
5. The exchange coefficient (fA product)
6. The total area of surface 1
7. If surface 1 is bisected, the area seen by surface 2
8. The total area of surface 2, if surface 2 area can be computed
o If surface 2 is bisected, the area seen by surface i, if that area
can be computed.
I0. The form factor from surface 2 to surface i, if surface 2 area is
known. One must be cautious in using this data when surface I
area is large compared to surface 2 unless very fine mapping
increments are used.
If a detailed output is requested, the minimum output plus the following is
printed:
le The final coordinates of surface 1 and surface 2 prior to compu-
tation of configuration factors.
The x-left and x-right coordinates for each y division of surface 1
mapping, including horizontal and vertical divisions used.
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Each configuration factor computed. The output is given in groups
of factors easily identified because the last factor in a group
occupies a line by itself. Each group contains the configuration
factors computed on a mapping line. The first factor in the group
is that computed at x-left and the last factor in the group is that
computed at x-right. The first group represents the first mapping
line, the second group the second mapping line, etc.
If the silhouette generator was used, the silhouette computed for
points selected on each mapping line is printed out. The first
numeral given is the mapping line, the second is the point on the
mapping line, moving from x-left to x-right. The numbers follow-
ing represent the silhouette.
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APPENDIX A. SAMPLE PROBLEMS
A number of sample problems have been devised to illustrate the capa-
bilities and limitations of CONFAC II. The examples are arranged roughly in
order of complexity, beginning with simple plane surfaces and concluding with
a complicated "intervening surface" problem involving plane and solid surfaces.
The surface configurations upon which the example problems are based
are shown in accompanying illustrations. Each illustration is conveniently
grouped separately with the problem description pertaining to the surfaces
shown in the illustration, along with the input data sheets, factor request data
program output, and a short discussion.
SAMPLE PROBLEM GROUP A
The geometry of this group is shown in Figure 18, the data sheets are
shown in Figure 19 and the results are presented in Figure 20. The standard
and namelist modes of data entry are demonstrated. Note the card image
printout produced by the "I" card. The END card must be used in conjunction
with an 'T' card; the END card is not required if a "T" card is used for a
title card.
Problem IA
In Figure 18 (AI), the factor between the floor of a cubical room
(IFLOOR) and an adjacent wall (IWALL) is computed, using standard hori-
zontal and vertical mapping divisions (Z4x24)on surface 1. A detailed
output is requested and standard data input mode is used.
Note that because no primary or auxiliary transformation occurred, the
final coordinate system is the same as the input data (unprimed) coordinate
system. The first mapping line starts at the origin and extends to point l in
1F LOOR.
Problem 2A
In Figure 18 (AI), any plane surface may be used as surface 1 providing
it has been properly entered in data prior to the factor request. To demon-
strate, the wall (1WALL) now acts as surface l, and the factor to the floor
(IFLOOR) is requested.
Note that surface lWALL is not in the xy plane of its input (unprimed)
coordinate system. The program, therefore, had to perform an auxiliary
transformation to both surfaces to the primed system shown, prior to factor
computation, to get surface 1 in thexy plane.
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1FLOOR---,-- ]WALL
1WALL --"- 1FLOOR
(A1)
Z 2WALLS
0 1
Y
1FLOOR-,"- 2WALLS
2WALLS _ IFLOOR (ERROR)
(A2)
Z ,1WALLR Y
0 " ×
1FLOOR --',-- IWALLR
2
0
2WALLZ
(A3) (A4)
x
Figure 18. Group A Sample Problems Geometry
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Problem 3A
In Figure 18 (A2), the factor from the floor (IFLOOR) to two adjacent
walls taken together {2WALLS) is requested. This is a valid request because
the boundary data describing 2WALLS form a valid silhouette of 2WALLS
from any point on 1FLOOR. The factor should be twice that to one wall alone.
Problem 4A
The program connot validly compute the factor from a nonplanar sur-
face. A class 2 surface is assumed nonplanar. The factor from 2WALLS to
IFLOOR is requested in order to elicit the diagnostic, warning the user of
this error.
The program does not test the surface, as in CONFAC I. If a nonplanar
surface is erroneously entered as a class l surface, it will not be rejected if
usedas surface i; the responsibility lies with the user to ensure that surface
1 is planar.
Problem 5A
In Figure 18 (A3), the necessity for proper order in data entry is
emphasized. The wall data are deliberately entered in a clockwise direction
(IWALLR) looking at the active surface, instead of counterclockwise. Hence,
the orientation vector points in the wrong direction. The factor from IFLOOR
to IWALLR is requested in order to elicit the diagnostic which alerts the user
to a possible error.
Problem 6A
In Figure 18 (A4), CONFAC II illustrates the capability of bisecting a
nonplanar (class 2) surface. The factor from IFLOOR to 2WALLZ is
requested to demonstrate this capability.
Subroutine DOICU bisected 2WALLZ at the XY plane, and reconstructed
the surface by eliminating points 2, 3, and 4, as shown, and creating new
points 2', 3', 4' and 5'. The dashed line 2' 3' divides surface l (IFLOOR)
into triangular parts, designated A and B. The view of the reconstructed
2WALLZ from anywhere in area B reflects a valid silhouette in the proper
counterclockwise order. When reconstructed 2 WALLZ is viewed from area
A, the points still form a valid silhouette, but the order is reversed. This
means the computed configuration factor will be to the hemispherical space
no__!toccupied by 2WALLZ, and will be negative. So, subroutine FACTOR sub-
tracts this factor from 1.0 to yield the correct factor to 2WALLZ.
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Problem 7A
The use of the pseudo-transform "9R" is demonstrated by applying it to
the IWALLR data to cause the orientation of the surface to be reversed prior
to factor computation. A standard output is requested.
Problem 8A
The "GROUPRUN" pseudo-factor request is entered to demonstrate
this new capability.
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SAMPLE PROBLEM GROUP B
The geometrical relationships used in this example are presented in
Figure 21. The data sheets are shown in Figure R?. with results in Figure ?3.
Problem IB
The use of the surface generator and double bisection of surfaces is
delnonstrated. The plane surface IPLATI is entered as usual in the data,
but the octagonal disk 3DISK is created by specifications to the surface gen-
erator. Note that no connections data are created for a class 3 surface, but
would be if the disk were named 6DISK.
The double bisection is easily seen in side view of IPLATI and 3DISK.
The results of the factor request from IPLATI and 3DISK is shown in Run #I
output, indicating the areas in each surface seen by the other. The number
of points defining 3DISK has been reduced to 7 and reorganized because of the
bisection, as seen along the dotted line.
Problem 2B
The converse factor, 3DISK to IPLATI, is requested as Run #2.
Because the disk is now surface i, the final coordinate system in 3DISK is
aligned so that the xy plane is the plane of the disk. Point i'becomes the
origin, and line segment I'?' the X' axis. Note that the exchange coefficients
(fA) are very nearly equal, as they should be because of the reciprocity
theorem.
Notice that the factor from one surface to the other along the line of
bisection is, in reality, zero, but the output is, in some cases, non-zero
though quite small (10-8 order of magnitude). This is caused by accumulated
internal truncation error, and is not significant enough to warrant concern
here. (This is not the case, however, with some silhouette generator compu-
tations. )
Problem 3B
The capability of coordinate transformation is illustrated. Run #3
requests the factor from 1PLATI to 3DISK transformed to the position shown
by the transformation data 9TDISK. The program detected, after transform-
ing 3DISK, that it bisected 1PLAT1. As the output shows, the part of IPLATI
actually mapped was the trapezoid indicated in the top view, and in the output
final coordinate data.
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Problem 4B
It is quite feasible to generate or manually input a surface, transform
the surface to a different location, and then ask for the factor between the
original surface and the transformed surface. This is shown by Run #4,
where 3DISK is usedas surface l, and 3DISK transformed by 9TDISK is used
as surface Z. The output shows a bisection of 3DISK, removing the 4th
boundary point, and therefore adding a point to the final 3DISK surface
boundaries, making it 9 instead of 8.
Problem 5B
The factor from the transformed disk, 3DISK9TDISK, to iPLATI is
requested as Run #5, demonstrating program flexibility in that surface 1 is
now transformed. The resulting exchange coefficient is very nearly equal to
Run #3, as it should be.
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SAMPLE PROBLEM GROUP C
The geometrical relationships for this sample problem are shown in
Figure 24. The data sheets are presented in Figure 25 and the results are
shown in Figure 26.
Problem IC
In this problem, a solid surface which could not be created by the pro-
gram surface generator is entered manually along with the necessary connec-
tions data. A cube with four truncated corners, named 5CUBE, is entered
in data from a convenient location in its coordinate system, i.e., at the
origin, as shown in Figure 24. Only three points were computed and entered
as 9TCUBE transformation data to move the surface to the desired position
shown over surface l, IPLAT5. The factor from IPLAT5 to 5CUBE9TCUBE
is requested as Run #i.
The silhouette generator was used to compute the silhouette from each
point in IPLAT5, and because a detailed output was requested with 6 horizon-
tal and 6 vertical divisions of IPLAT5, 49 silhouettes were computed as shown
in Figure 26. The numbers following each identifying mapping line and mapping
point number are the boundary point numbers which form the silhouette when
connected together. It was possible, since there are no crossovers in the
silhouette, to run this problem in the simple mode in SILFAC at greater speed.
The mapping divisions were deliberately set at 6 x 6 to reduce the output;
some experimentation is required to determine how many divisions are
required to yield the factor to the accuracy desired.
Problem 2C
The silhouette generator requires that all points in surface 2 be above
the plane of surface 1 when operating in either the simple or complex mode.
A view of 5CUBE in its original position from IPLAT5 clearly shows part of
5CUBE below the surface of IPLAT5; those points below the plane of 1PLAT5
are set to +.05 as the diagnostic indicates, and the factor computed as usual.
Note that this case is a valid bisection, but would not be if IPLAT5 were
skewed relative to the vertical centerline of 5CUBE. A standard output is
elicited by the use of code character '94"and the special increment of 2 by use
of "i l" for the horizontal and vertical mapping increment specifications.
Problem 3C
A diagnostic is elicited when the factor is requested from class 2, 5,
7, 8 or 9 data (including nonplanar class 6).
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SAMPLE PROBLEM GROUP D
The geometrical relationships for this sample problem are presented in
Figure 27. The data sheets are shown in Figure 28 and the results are pre-
sented in Figure 29.
Problem ID
The referenced figure, Figure 27, shows a truncated-cone-on-cylinder
and a disk, skewed with respect to the cylinder-cone centerline. The cylinder-
cone is created by the surface generator as 6CYTR, a 32-sided solid in its
final position in the unprimed coordinate system. The disk is also internally
generated, but because the generator (in its present version) is limited to
cross sections parallel to the xy plane, the disk, 3DISKC, had to be transformed
to the skewed position by transformation data 9TDSKC. The results are shown
in Figure 29. The simple mode was used for processing because no line seg-
ment crossovers are present. The warning note concerning the difference
between the mapping area and the actual 3DISK surface area is supplied to
attract attention to possible errors in surface 1 data entry of the choice of
mapping increments. As indicated in the comments on problem 1 of Sample
Problem Group C, the coarse increment 6 x 6 was selected to reduce output.
A finer increment should probably be used to insure accuracy to the third
place, if such is desired. It must be emphasized that the form factor
obtained in Run #i is the factor to the solid figure, 6CYLTR, which, of
course, includes the bases. Since the factor to the skin is the desired
number, it is necessary to subtract the factors to the ends. The upper end
is obviously not seen (f = 0), so the factor to the base only must be obtained.
The base is easily created by the surface generator (3DISKB), and it is
created with the orientation vector pointing toward the -Z axis, by making
YR negative. The factor to the skin of 6CYLTP_ is obtained by subtracting
the results of Run #2 from Run #i, or
fskin = ftotal -f base
f= 0.18946 - 0.09955
f = .O899 1
The exchange coefficient is computed in a similar manner.
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Figure 27. Group D Sample Problems Geometry
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SAMPLE PROBLEM GROUP E
The capability of obtaining form factors to spheres in any position
relative to surface l is demonstrated in Figure 30. Closed form configura-
tion factor solutions are utilized, permitting very rapid computations. The
data sheets are presented in Figure 31 and the results in Figure 32. The
use of the comments card is demonstrated.
Problem 1E
The factor from a rectangle, IPLAT8, to a sphere, 7SPHI, fully above
the plane of IPLAT8 (Case I) is requested as Run #1. The configuration fac-
tor solution in this case is extremely simple (see Appendix E), which, in
addition to the course mapping of IPLAT8, accounts for the short computa-
tional time.
Problem 2E
The factor from IPLAT8 to 7SPH2 is requested. The sphere is the
same size as 7SPH1, except part of the lower half of the sphere is below, and
outside of, the surface of IPLAT8 (Case II). The results are shown as Run
#2.
Problem 3E
A larger sphere, 7SPH3, is located with part of the upper half of the
sphere below the surface of IPLAT8 (Case III). The results are shown as
Run #3.
Problem 4E
The program will also compute the factor to a sphere which is embedded
in surface i, illustrated by 7SPH2 and IPLAT7. However, no attempt is made
to determine what part of IPLAT7 sees the sphere; when a mapping point on
surface 1 appears inside the sphere, a configuration factor of zero is returned
and integrated along with the other computed factors. Therefore, in Run #4
we see no indication that 1 PLAT7 is bisected by 7SPH2, although in reality
it is. The problem is handled in this way because of the extreme complexity
of the general determination of that part of surface 1 not seen by the sphere.
Problem 5E
The trivial case of the sphere completely below surface I is illustrated
by Run #5.
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SIDE VIEW
Group E Sample Problems Geometry
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SAMPLE PROBLEM GROUP F
The capability of computing factors to surfaces which are occluded by
intervening surfaces is demonstrated in Figure 33. The data sheets are
presented in Figure 34 and the results in Figure 35.
Problem IF
In Figure 33a, the factor from IPLAI0 to IPLA9 is desired, taking
into account the intervening surface IPLAll. The factor to 1PLA9 is
determined inthe following manner. The factor from IPLA10 to 1PLA9 and
IPLAI! taken together as a multisurface will be obtained first; then the
factor from IPLA9 to 1PLAIt will be computed. The difference is the
factor from IPLAI0 to IPLAg.
The data IPLA9, IPLAI0 and IPLAI 1 are entered in data, and a class
8 entry 8COPLA is created to group IPLA9 and IPLAII together. The
silhouette generator will function in the complex mode as required. The
factor to 8COPLA from IPLAI0 is requested as Run #I. Then, the factors
from IPLAI0 to IPLAII is requested as Run #2. The factor from IPLAI0
to IPLA9 is merely the difference between the two.
f= 0.27337 - 0.21136
f = 0. 06201
Problem 2F
This problem (Figure 33b) illustrates the capability of determining
factors to occluded solid surfaces utilizing the internal surface generator,
transformations and the bridge line in the solution.
Surfaces 6PIPE1 and 6PIPEZ are internally generated. However, the
surface generator cannot generate 6PIPE1 in the position shown; the surface
must be generated vertically andthentransformed to the position shown by
9 PIPE 1.
Notice that in the upper region of IPLAI3 it is possible to view
6PIPE1 and 6PIPEZ as nonconnected in the silhouette. A bridge line must
be added into the data to cause the silhouette generator to include both sur-
faces in the silhouette from all viewpoints on 1PLAI3. Bridge line 2BLI
is entered for this purpose.
The form factor to 820FEM is 0. 28125 (Run #3); to 6PIPE1 alone is
0.21472 (Run #4); therefore, the form factor from IPLAI3 to 6PIPE2 is the
difference or 0. 06653.
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Problem 3F
This problem (Figure 33a) illustrates the wrong mode of silhouette
generator operation induced by improper data presentation. The factor
from IPLAI2 to IPLAI1 is desired. Surface IPLA9 and IPLAII are
combined into one entry as 5COPLA. The factor from IPLA12 to 5COPLA
is requested with a detailed printout to indicate the malfunction (Run #5).
Note that both surfaces are not included in each silhouette because the
silhouette generator is operating invalidly in the simple mode. When the
factor to a class 5 or 6 surface is requested, the generator always selects
the simple mode for silhouette computation. If the data require the complex
mode (crossovers are present), a wrong factor will result.
The factor is requested from IPLA12 to 8COPLA (Run #6); now the
silhouette is computed properly. Then the factor from 1PLAI2 to IPLA9,
with the IPLA9 orientation vector reversed by the pseudo-transformation
"91R,"is requested (Run #7). The factor from IPLAIZ to IPLAII is the
difference, or 0. 04187.
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APPENDIX B. PROGRAM DECK SETUP, LISTINGS, AND MAPS
The program deck arrangement shown in Figmre B6 contains a main
program and seven subprograms which are listed in this appendix. A listing
of the main program, 7J380, is shown in Figure 37 followed by a map of the
core storage locations in Figure 38.
The first subprogram, block data DCODZ, is given in Figure 39 and
storage map in Figure 40. Subroutine UNIVEC is shown in Figure 41 and the
storage map in Figure 42. Subroutine DATA is shown in Figure 4B and its
storage map in Figure 44.
The transformation subroutine, TXFRM, is presented in Figure 45 and
the map of core storage in Figure 46. The listing and map of subroutine
DOICU is presented in Figures 47 and 48. The listing and map of sub-
routine MAP, is presented in Figures 49 and 50. The listing of the subroutine
FACTOR is presented in Figure 51 and the map of core storage in Figure 52.
Subroutine SILFAC listing and core storage is given in Figures 53 and 54.
Figure 55 shows the variable formats used by this program.
This IBM FORTRAN IV computer program utilizes Fortran input
tape 5 and output tape 6 for input/output data transmission when operating in
the North American version of IBM IBSYS (NAA SYS). Logical tape 3 is
also required when card images are requested.
Those facilities operating under IBM IBSYS but utilizing different
logical tape numbers may easily alter tape numbers by use of the IBSYS
_NAME control card.
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SURFACE DATA
AND
:ACTOR REQUESTS
VARIABLE FORMAT
(7J389)
UBROUTINE SILFAC
;IBFTC 7J388
BETA
FACTOR
7J387
(LINK 3)
SUBROUTINE MAP
;IBFTC 7J386
SUBROUTINE DOICU
$1BFTC 7J385
SUBROUTINE TXFRM
IBFTC 7J384
ALPHA
SUBROUTINE DATA
IBFTC 7J383
FIOU
ORIGIN ALPHA
UNIVEC
;IBFTC 7J382
BLOCK DATA
;IBFTC 7J381
MAIN PROGRAM
( LINK
IBFTC 7J380
IBJOB CFACII
Figure 36. Program Deck Setup
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APPENDIX C. COORDINATE TRANSFORMATION
PRIMARY TRANSFORMATION
As indicated in Section I, the surface coordinate transformation
technique employed by the program does not require transformation param-
eters such as direction cosines, Euler angles and translation terms to be
entered as input data to the program for transformation purposes. Instead,
the x, y, andz coordinates of three points, not in a line, are given from the
new origin, or to the new position of the surface. These data are then used
to derive the rotational and translation terms required to transform the
remaining surface data to the new origin or surface position.
The classical equations for transformation of rectangular coordinates
in space are employed for both primary and auxiliary transformation. The
new x,y, and z coordinates in terms of the old coordinates are:
x = x'cos _i + y'cos _2 + z'cos _3 + H (1)
y = x'cos fB1 + y'cos _2 + z'cos _3 + L (2)
z = x'cos _I + y'cos _2 + z'cos _3 + K (3)
Note that there are 9 unknown direction cosines and 3 translation terms, or a
total of 12 unknowns. It is clear that the coordinates of four points from the
new origin are required if these equations are to be used directly to deter-
mine the unknown parameters.
It can be shown, however, that the coordinates of three points (not in
a line) are sufficient and necessary to fix the position of a surface in any
rectangular coordinate system. It appears, therefore, that another point
must be made available for solution of the above equations, or another
technique developed which directly requires only three points. The three-
point solution has been developed but not programmed for this version of
CONFAC. Solution of the classical equations is straightforward, but requires
the extra point (not in the olane of the other three). Rather than require
the user to supply the extra point in data, it was decided to generate the
point as a unit normal vector above the second point given in transformation
data. This extra point must, of course, be generated in both old and new
coordinate systems.
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Figure 56 depicts a primary transformation of surface A from the old
(primed) to the new (unprimed) coordinate system. Note that the primary
transformation shown affects only one surface, whereas both surfaces are
involved in the auxiliary transformation, which will be discussed in more
detail later in this Appendix. The angles (_, _ and _ ) shown in Equations
l, 2, and 3 are related in the following manner with the primed and unprimed
coordinate axes shown in Figure 56:
_1 = /0'X'0X, _2 = Z0'Y'0X, _3 = L0'Z'0X
_1 = _0'X'0Y, _2 = Z0'Y'0Y, _3 = _0'Z'0Y
"_I = _0'X'0Z, _2 = _0'Y'0Z, Y3 = _0'Z'0Z
Given the coordinates of points Z, 5 and 6 in surface A, and the
generated point U, from bot____hht e old and new coordinate systems, we may
write four independent equations similar to Equation I. Using Equation I,
the re suiting set of equations in x is:
! !
x 2 = x_ cos _I + Y2 cos _2 + z2 cos _3 + H
x = x' cos _I + "5v'cos _ + z' cos _ + H5 5 2 5 3
= ' + ' _Z + _3 + Hx 6 x6 cos _I Y6 cos z_ cos
x u = x_ cos _I + YU cos _2 + zb cos _3 + H
(4)
(5)
(6)
(7)
We may similarly write two more sets of equations in y and z similar to
Equations Z and 3, for a total of twelve independent equations. Each set of
four simultaneous equations is solved by Cramer's Rule (Reference 2) for
the unknown direction cosines relating the old y' and z' axes to the new
x, y, and z axes.
For example, using the set developed above for Equation 1 (Equations
4, 5, 6 and 7), the coefficient determinant D is
D _
! I I
x2 YZ z2 1
' ' ' 1
x5 Y5 z5
x' _ ' 16 Y z6
' _ 'x U y z U 1
(8)
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Figure 56. Coordinate Transformation
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By Cramer's Rule, we successively replace the elements in each column of
the set with the respective element on the left of each equation in the set.
For example, the solution for cos a 2 is:
I l f
x 2 x 2 z 2 I
I ! !
x 5 x 5 z 5 i
cos a 2
I f
x 6 x 6 z_ 1
! I
x u z U 1
I
x U
m_
D
(9)
and similarly,
co s a3
!
x 2
!
x 5
!
x 6
I
x U
' x' 1
Y2 2
' x; IY5
! !
Y6 x6 1
! ! 1
YU Xu
D
(I0)
The above process is repeated for the solution of cos _2, cos [33'
cos Y2, and cos Y3' using the sets developed for y and z. The coefficient
determinant is the same for all sets, because the coefficients of the unknowns
in all sets are identical.
To increase computational efficiency, repeated factors in the expanded
determinants are computed only once for each set. Also, considerable
economy results in computing the unknown direction cosines cos al' cos [31'
cos YI' as the cross product of the corresponding direction cosines of the
other (y and z) axes:
cos,a 1 = cos [32 cos ¥3 cos YZ cos [33 (11)
cos [31 = cos ¥2 cos _3 cos a 2 cos Y3 (lZ)
cos _1 = cos a2 cos [33 - cos [32 cos a 3 (13)
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The translation components H, L and K are computed by substituting the
coordinates of the point below point U in the surface to be transformed into
Equations 1, Z and 3, along with the known values of direction cosines. For
the surface A shown in Figure 56, using point 5,
H -- cos - cos - cos ¢141
= - ' - ' - ' cos ¥3 (16)K z 5 x 5 cos _?1 Y5 cos ¥2 z5
The program now transforms all point coordinates in surface A from the old
to the new system by direct substitution in Equations 1, 2 and 3.
The method outlined above will always perform the transformation
desired, providing the three points selected are (1) sufficiently separated
in space, (2) accurately computed, and (3) do not form a straight line in
space. Because the fourth point U is always computed outside the plane of
the other three, the coefficient determinant D can never be 0. Hence, by
Cramer's Rule, a unique solution must always exist.
AUXILIARY TRANSFORMA TION
An auxiliary transformation transforms the coordinates of both surfaces
into the reference plane of a specified surface, the "control" surface. In
Figure 56, surface A is the control surface; the auxiliary transformation
depicted transforms both surface A and B from the unprimed (old) system to
the double-primed (new) system. In general, the origin 0" in the control
surface is always point 1 in the control surface coordinate array. It may not
always be the first point entered in input surface data; if a bisection of the
surface occurs, and the original point 1 is not seen by the other surface
(assumed planar), then a newpoint 1 will be computed. The new point will
be used as the orgin 0". The same processing occurs for internally generated
surfaces. Only surfaces classed as plane surfaces may be control surfaces,
i.e., classes 1, 3, 4 and planar 6. For example, if both surface A and B in
Figure 56 are plane and bisect each other, two auxiliary transformations
would occur to facilitate surface reconstruction. Actually, if surface Awere
entered as surface 1, the first auxiliary transformation to occur would be to
point 1 in surface B, rather than surface A. This would not occur, however,
if surface A were no_._t bisected by surface B. In any case, the last transfor-
mation always is to point 1 in surface 1, so that mapping and factor
computation may proceed directly.
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The processing of an auxiliary transformation differs from the primary
transformation because unknowns may be more readily computed from
available data. Equations I, 2 and 3 are rewritten for the auxiliary old and
new coordinate systems,
x" = x cos a I + y cos _2 + z cos _3 + H" (17)
y" = x cos _I + Y cos _2 + z cos _3 + L" (18)
z" = x cos Y1 + y cos Y2 + z cos ¥3 + K" (19)
The angles are defined as follows, referring to Figure 53:
e I = ZOX0"X", a2 = LOY0"X", e3 = /0Z0"X"
_I = _0X0"Y", _2 = /0Y0"Y", _3 = _0Z0"Y"
Y1 = ZOX0"Z", YZ = /.0Y0"Z", Y3 = ZOZ0"Z"
Because the 0"X" axis in the new.system is directed along the line segment
formed by the first and second point in the control surface, the direction
cosines related to that axis are readily computed.
The length of line 12 in surface A is
LSI2 x2 - Xl) 2 + (Y2 - Yl + (z2 -Zl )z'
and the direction cosines relating the new 0"X" axis to the old 0X,
0Z axes are:
0Y and
cos _I = (x2 - Xl)/LSI2 (20)
cos _2 = (Y2 - Yl)/LSI2 (21)
cos_ 3 = (z 2 _ Zl)/LSl2 (2Z)
Because the new 0"Z" axis is directed along the surface unit orientation
vector (point 0 above surface A) the cosines relating that axis to the old
0X, 0Y and 0Z axes are
cos Y1 = x0 - Xl (Z3)
cos YI = Y0 - Yl (24)
= (25)
cos Y1 Zo - Zl
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The remaining direction cosines are computed by cross products of the X"
and Z" axis unit base vectors (direction cosines).
cos Pl = cos Y2 cos_3 cos _2 cos Y3 (26)
cos _2 = cos a 1 cos Y3 -' cos Y1 cos _3 (27)
cos _3 = cos Y1 cos _2 - cos Q1 cos Y2 (28)
18 and 19The unknown translation terms are determined from-Equations 17,
for point 1 in surface A (x_' = 0, Yl 0, z'_ 0).
H" = - x I cos al - Yl cos a2 - Zl cos a3 (29)
L" = - x I cos _i - Yl cos _2 - Zl cos _53 (30)
K" = - x] cos Y1 - Yl cos Y2 - Zl cos Y3 (31)
The program now transforms all coordinates in surface A and surface B to
the new system by using Equations 17, 18 and 19.
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APPENDIX D. COMPUTATION OF SURFACE AREA
OF INTERNALLY GENERATED SURFACES
In Figure 57, View J-J shows a view of the surface of a right elliptical
cone between the two arbitrary cross-sections indicated in the isometric
sketch of the cone. Because the program internal surface generator uses the
elliptical cross-section as the basic generating element, elemental surface
areas such as area ABCD in Figure 57 are trapezoids having, in general,
unequal nonparallel sides. Also, because each elemental surface is developed
by equal elliptical parametric angles, one need compute the area of only one
elemental surface for each pair of cross-sections (providing, of course, the
cross-sections are similar).
The plane area of trapezoid ABCD is
A T = I h2 (L1 + LZ)" (i)
L 1 and L 2 are readily computed from the x, y coordinates of points A,
C and D;
L1 =_/(xc - XA)2 + (YC - YA) 2
LZ (XD - XB) + (YD YB )2
The trapezoid height h is computed indirectly from the projected area
Ap of the trapezoid on the XY plane in the following manner:
h =_hp 2 + Z 2
where hp is the projected length of trapezoid height h, and Z is the dis-
tance between cross- sections.
The projected area of ABCD is:
i
Ap =-_-hp (L I + L2).
B,
(2)
(3)
(4)
(5)
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Figure 57. Surface Area Geometry of Internally Generated Polyhedra
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Solving for hp in Equation 5:
2 Ap
hp = (L 1 + L2 ) (6)
The area Ap is computed from the trapezoid (x, y) coordinates in the
following manner:
Noting triangles BOD and AOC
Ap = Area A BOD - Area ZXAOC
It is desirable for computational efficiency to compute Ap using known
parameters. In this case, sin 6 is known and is used. The parametric
equations of the ellipse are:
x=acos 0
y = b sin 0
where a is the semi-major axis,
parametric angle. In Figure 54,
angle 62 defines points C and D.
b is the semi-minor axis and 0 is the
angle 61 defines points A and B and
Angle 6= 6_- 61.
The area of triangle AOC can be computed by vector cross products,
1
AAOC =-_-(XA YC - xC YA)
(7)
(8)
{9)
(10)
From Equations 8 and 9 for the parametric angles
points A and C,
xA = a I cos 61, YA = bl sin 61
61 and 62 defining
(11)
x C = a 1 cos 6 2 , YC = bl sin 62 (12)
Substituting Equations I I and 12 in Equation I0,
I (cos 61 sin 6 cos 6 2 sin 61)AAOC ='Talbl 2
1 s_,_ ( P2 6 )
AAOC =_-albl --- - 1
1
AAO C = _-alb 1 sin 6
(13)
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A similar derivation is developed to obtain the area of triangle BOD.
1
ABO D = _ a2b 2 sin _3
(14)
Substituting Equations 13 and 14 in Equation 7,
1
=-- sin _ (a2b 2 - al bl)Ap 2
(15)
Substituting Equation 15 into Equation 6,
2[ 1 1
"_sinl3 (azb 2 - albl) j
hp --
L 1 + L z
Substituting Equation 16 into Equation 4,
sin f3 (a2b 2 - albl)]2
h = " L 1 + L2 + z2
(16)
(17)
Finally, substituting Equation 17 into Equation I,
b
L 1 + Z 2. _sin_ (a2b2 _ albl)] 2
Z 2
AT- V[" ----
i- J +2 L 1 + I_2
Rearranging terms,
AT - 2 in_ (azb 2 - al bl ) + Z (LI + L2)
The total surface area is computed by repeated evaluation of Equation 18
for the particular surface generated.
(18)
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APPENDIX E. DERIVATION OF CONFIGURATION
FACTOR TO A SPHERE
The analytic solution of the configuration factor to a sphere depends
upon the position of the sphere relative to the plane of surface 1. This is
clearly demonstrated geometrically by using the Nusselt unit sphere projec-
tion as shown in Figure 58. Three unique solutions are apparent from the
five different sphere positions; Ib and Ilia represent "limit" values in each
case. The unit sphere projections (crosshatched areas) shown in the lower
part of Figure 58 correspond respectively to sphere positions (not to scale)
depicted in the upper half. Case I results when the sphere is above (la) and/
or touching (Ib) the plane of surface 1. The locus on the Nusselt hemisphere
base is an ellipse, and varies from a circle {when the sphere is vertically
over the point 0) to the single tangency position shown in lb. When the
sphere goes below the plane of surface 1, the Case II locus appears, and is
formed by the ellipse boundary on the left and the unit circle boundary on the
r igh t.
The locus projected on the unit sphere surface is a circle, in every
case. The radius, b, of the circle becomes the semi-major axis of the pro-
jected ellipse. By similar triangles,
b R
1 D
R
b -
D (I)
where D = distance from center of sphere to origin of theunit sphere andRis the
sphere radius. The semi-minor axis, a, of the ellipse is the projection on
the unit circle of b; again by similar triangles,
Z a
D b
or
The area of the ellipse is
Z RZ
a = b D - D2 (2)
A = _ab = TrRzZ. (3)
D 3
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Figure 58. Areas Involved in Configuration Factor to Spheres
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The configuration factor for Case I is the area of the ellipse divided by the
area of the unit radius circle,
RZz
D3
cI - /T
RZz
Z -_R (4)Cl - D3 '
The computation of Case III proceeds as follows. Referring to Figure 59, a
detailed drawing of the upper half of the Case IIIb locus, the area to be deter-
mined is area ACB.
a
' Yc )
I
/
I
I
t
/I l
0
X
NUSSELT UNIT
CIRCLE
=1
\
\
Figure 59. Case IIIb Detail Geometry
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By inspection,
AAC B = AAO B - AO, OB -
Area AOB is a sector of the unit circle, .R = i,
ACO, B (5)
O
1 1
AAO B = _ RZ0 = _ 8 (6)
Given h, the distance between centers O and O', and YC, the value of y at the
tangency point between the ellipse and the circle, the area of the triangle
O' OB is
1 (7)
AO,OB = [ h Yc
The area CO'B is an elliptical sector defined by the parametric angle _ at
(Xc, Yc) the point of tangency,
ab
ACO'B- 2 + (8)
Inserting Equations 6, and 7 and 8 into Equation 5,
1
AACB - 2 (e - hy c - abe) (9)
The unknowns O, h, Yc and _ must be evaluated in terms of R, Z and D. The
tangency point x c, Yc, is determined as follows. The equation of the ellipse
when translated a distance h in the x direction from the origin O is
(x - h) 2 + y2 = 1
a 2 b 2
(10)
The equation of the unit circle is
x 2 + y2 = l
At the intersection point the slopes are equal.
Equation i0,
__2
a2 (x-h) dx + b2 dy =
(ii)
Taking the first derivative of
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Rearranging,
_ ] b2,h_x,dy b z Z (h-x) - (lZ)dx 2y a 2 y
The slope at any point x, y on the circle is:
dy x
dx y
(13)
Equating Equations 12 and 13,
b z (h - x) x
a 2 Y Y
Solving for h, at x = x c and y = Yc,
(b2 -
h = x c b2
a 2 )
(14)
Substituting Equation 14 into Equation 10,
ix c (b2 - a2)] 2
- x c b 2
a 2
+ - 1
b 2
Reducing and rearranging terms, and solving simultaneously with Equation 11:
2
X2c + Yc (15)
2 2
Xc + Yc = 1
Subtracting Equation 11 from Equation 15,
x c - I = b"
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Solving for x c,
2 b 2 - 1
=b<_ - b2Xc 2 _ a 2
(16)
(17)
Solving for Yc in Equation 11,
/ 2
Yc = _/1 - x c (18)
Substituting Equation 1 and 2 into Equation 17,
R<_ 2 - D 2
x c = D 2
(19)
Substituting Equation 1, 2 and 16 into Equation 18,
Z<_ - R 2Yc = _ D2
The angle ¢_may be defined as
(20)
¢_ = tan_ I Yc _ tan_ I Yc (21)
Substituting Equation 1 and 20 into Equation 21,
d_ = tan
-1 (22)
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The angle 0 may be defined as
Substituting Equations
Yc
0 = tan-"
xc
19 and 20 into Equation 23,
_Z 2 R 2
= tan -I _-_ _ D 2
(23)
(24)
Substituting Equations
h
1, 2 and 19 into Equation 14,
D 2 _ Z 2 /R 2 - D 2
D 2 _/ Z-2 _ D 2
(25)
The parameter hy c in Equation 9 is evaluated by multiplying Equations 20
and 25,
hY c
hY c
I
D 2 - Z 2 R/] - D21 Z 2 R 2
D 2 VZ-2 _ D 2 J Z 2 D 2
_D 2 _ R 2 . _R 2 _ Z 2
D 2
(o2=21j=2zhy c = D2 / _ _ R2 (26)
Let
and
a = D 2 - R 2 (27)
R 2 - Z 2 (28)
Substituting Equations 27 and 28 into Equations 22, 24 and 26, respectively,
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and
8 = tan -I (30)
(31)
Finally, substitute Equations 29, 30 and 31 into 9; the actual area
projected on the hemisphere base is twice Area ACB and is divided by the
base area to yield the configuration factor.
cIII = T an- D3 an-i D 2
(32)
where
= D 2 _ R 2
_R 2 _ Z 2
Z g 0 and Z 2 _- R 2
= O/ '
By inspection of Figure 58, the projected area for Case II is the sum of the
ellipse evaluated by the Case I formula and the crescent shaped area deter-
mined by the Case III formula,
Cli = c I + Cli I, 0 < Z < R (33)
In summary, referring to Figure 55,
R2Z
cI = D3 , Z e_ R
a z Izl
D 3
- 330 -
SID 65-1043-2
NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION
where
= D 2 _ R 2, _ = _ R2 a- Z 2
< Z 2 R 2Z =0, -<
cii = c I + Cli I, 0 < Z < R
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